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University of Washington 
Abstract 


"Development of 
Predictive Equations Based on 
Pavement Condition Index Data" 


by 
Christopher V. O. Floro 


Committee Chairman: Professor J. P. Mahoney 
Department of Civil Engineering 


This research project evaluated runway pavement condition survey information in order to 
develop models or equations capable of predicting future pavement performance and 
projected life expectancy. The data was obtained from the Federal Aviation Administration 
(FAA), and the Washington State Department of Transportation (WSDOT). A previous 
research report analyzed the first set of Pavement Condition Index (PCI) data obtained from 
runway pavements in the tri-state area of Washington, Oregon, and Idaho. The analysis 
performed in this report included only runways with a second set of PCI survey data. The 
two primary surface categories evaluated were flexible and rigid pavements. The former 
includes asphalt concrete (AC) original surface courses, AC overlays, bituminous surface 
treatments (BST's), and slurry seal maintenance applications. The latter consisted only of 
portland cement concrete pavements. Statistical analysis in the form of regression 
modeling was applied to the available data and various models/equations and graphic 
representations developed to predict pavement performance and projected life. The models 
and graphs were developed using the software packages MINITAB and Microsoft Cricket 


Graph, respectively. 


111 





The models and graphs, pavement life projections, and consolidated data base, will be 
additional tools or assets available to enable airport planners and managers to manage, 
budget, and plan more effectively for pavement rehabilitation, replacement, maintenance, 


and design modifications as needed. 
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СНАРТЕК ОМЕ 


INTRODUCTION 


1.1 BACKGROUND 


Many of our nation’s airport managers have, in recent years, begun to realize the 
importance of an effective pavement management system. An effective and useful system 
permits managers to anticipate future maintenance and rehabilitation needs by utilizing 
whatever tools there are available to ensure that the selection of maintenance and 
rehabilitation strategies provide cost effective solutions to eliminate existing problems. A 
pavement management system not only evaluates the present condition of a pavement but 
predicts its future condition through the use of a pavement condition indicator. Pavement 
systems have evolved over the past two decades, having grown from databases geared 
towards compiling the amount, type, and condition of pavement within the pavement 
network to more sophisticated systems that can select future cost effective rehabilitation 


treatments. 


A basic component of any pavement management system is the ability to track a pavement's 
deterioration and determine the cause of the deterioration. This requires an evaluation 
process that is objective, systematic and repeatable. A pavement condition rating system 
that is based on the quantity, severity, and type of distress is a rating of the surface 
condition of a pavement performance with implications of structural performance [1]. 


Condition rating data collected periodically will track the performance of a pavement. 





Most airports presently utilize the Pavement Condition Index (PCI) rating system 
developed by the U. S. Army Corps of Engineers (COE) to assess current pavement 
conditions [1,3]. The Federal Aviation Administration (FAA) established Advisory 
Circular (AC) 150/5380-6 “Guidelines and Procedures for Maintenance of Airport 
Pavements” in 1982 [3]. This document outlined the detailed procedures for performing 
the PCI survey as previously developed by the COE. In short, individual pavement 
distress types are identified in asphalt and concrete pavements and rated according to 
severity levels and quantities. The rating is numerical with a range of 0 to 100 which 
provides a reasonably objective and repeatable indication of the average pavement 


condition. 


The FAA states the following three primary objectives of rating a pavement based on the 


PCI method: 


(1) Determine present condition of the pavement in terms of the apparent 
structural integrity and operational surface condition. 


(2) Provide the FAA with a common index for comparing the condition and 
performance of pavements at all airports and also provide a rational basis for 
justification of pavement rehabilitation projects. 


(3) Provide feedback on pavement performance for validation and 
improvement of current pavement design, evaluation, and maintenance 


procedures. 


Pavement condition surveys can evaluate normal distresses in a pavement structure 
resulting from surface weathering, fatigue effects, poor drainage, and differential settlement 


or movement in the subbase over a period of time. PCI surveys evaluate flexible 





pavements based on sixteen different types of pavement distress, and rigid pavements 


based on fifteen types of distress. Chapter 2 will discuss pavement distress in some detail. 


1.2 THE PROBLEM 


Although PCI surveys are relatively simple, they can be somewhat time consuming 
depending on the size of the airport, and the amount of air traffic serviced during any given 
operational day. The problem, however, is not the time associated with conducting the 
surveys, but the effective and proper use of the data obtained from these surveys. Once the 
data is collected, it would appear that airports, primarily general aviation airfields may not 
be privy to the data collected, or how best to utilize the data if it has been made available. 
As stated previously the PCI is a number which represents the average condition of the 
pavement. This number establishes a range for a pavement from “very poor" to 
"excellent". These numbers, however, can be put to greater use to evaluate progressive 
deterioration of pavements, and further provide a better insight to actual pavement life 


expectancies compared to original 20-year projections. 


The lack of adequate pavement performance models or equations which are needed to 
predict pavement performance for a variety of uses is the inherent problem regarding the 
data collected from the surveys previously mentioned. In 1988 a research project 
conducted by LT Kim Weisenberger, Civil Engineer Corps, U.S. Navy, evaluated 
statistical data on pavement condition indices of various general aviation runways 


throughout the northwest tri-state area of Washington, Oregon, and Idaho [1]. 


After compiling a database, Weisenberger [1] developed pavement performance models, 


through the use of regression equations, and survival statistics based on a comparison of 
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pavement features with similar characteristics. The information generated by the research 
project was only the beginning in terms of PCI data compilation for the northwest's mostly 
general aviation airports. Although much was accomplished with the information obtained 
for the research, the conclusion was that much more was needed to strengthen and verify 


the modeling methodology used. 


The regression equations used were intended to assist the FAA and airport managers in 
determining which northwest airport pavements were in greatest need of maintenance or 


rehabilitation. These equations could also be of use in the following areas: 


a) pavement life estimates 

b) relative measures of rehabilitation effectiveness 

c) life-cycle costing 

d) general design decisions or modifications based on effectiveness 
e) planning decisions 

f) budget programming 


This paper will attempt to take Weisenberger’s [1] research a step further due to 
accomplishment of additional PCI surveys conducted by the Washington Department of 
Transportation (WSDOT) and the Oregon Department of Transportation (ODOT) in 
conjunction with the FAA. The same modeling techniques will be used to confirm, as 


stated previously, the validity of the regression equations and methodology used. 


Runway pavements for the state of Idaho will not be addressed as a second set of PCI 
surveys have not been accomplished to provide updated data on their general aviation 
airports. These runways are included for age comparisons only in Chapter Three, and 


preliminary PCI information, pavement structural features, and rehabilitation history are 





also attached as Appendix E for further reference. In addition, as in the research project 


accomplished by Weisenberger [1], only runway pavement conditions will be evaluated. 


1.3 SYNOPSIS 


This paper will attempt to assess deterioration rates of the airfields common to the research 
conducted by Weisenberger [1] and that accomplished by this author, after reviewing the 
initial research and assessing the data collected for comparison by this author. As 
evidenced by the Pavement Life Cycle curve in Figure 1-1, it 1s evident that once a 
pavement has reached 75% of its life expectancy, costs for renovation can increase as much 
as five-fold. It is the intent of this paper to (1) provide guideline reference 
models/equations and their corresponding graphic representation that will be useful to an 
airport manager and their pavement management system, (2) establish that if data collected 
from the accomplishment of PCI surveys is utilized in the proper fashion, costs for 
pavement rehabilitation and projected maintenance may be kept to a minimum, and (3) 
provide a consolidated report of the pertinent and current data to the FAA and all interested 


parties. 


1.4 REPORT OVERVIEW 


The objectives stated above will be addressed in a structured manner with Chapter Two 
highlighting the research methodology adopted for the report analysis and PCI procedures 
and applications. Chapter Three presents the data categories to be analyzed, a review of the 
Weisenberger [1] report data, and interpretation of the data used in this report. Analyses 
and data evaluation, equations development and pavement life calculations, are detailed in 


Chapter Four. Finally, a report summary including various conclusions and general 
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recommendations will be presented as Chapter Five. A list of references and report 


appendices follow the closing chapter. 
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Figure 1-1 Pavement Life Cycle Typical Performance Curve 
Compared To Maintenance/Replacement Costs [4] 





CHAPTER TWO 


METHODOLOGY AND PCI APPLICATIONS 


2.1 RESEARCH METHODOLOGY 


Chapter One stated the primary intent of this report was to develop equations or models that 
would represent a pavement’s behavior and therefore be an asset to an airport manager or 
planner in the decision making process with respect to their pavement management system. 


The models provide numerical output that can be used by a planner or manager for future 


planning and programming. 


Since this report consolidates and compiles data from general aviation airports in the tri- 
State area, correlations among the different types of repairs used, the life of original 
pavement sections, and in turn the life of various correction methods will be examined. 
The rate of deterioration between an established point of time “zero” and the first PCI 
surveys will be compared against deterioration between the first and second points, and the 
overall deterioration from time “zero” to the second survey points for those runways with 


three points for evaluation. 


Various surface treatment applications and the time elapsed between successive applications 
will be discussed, and in addition, the age of various pavements based on the application of 


a surface treatment to an original section of pavement. 


The subject matter was evaluated primarily based on the following two objectives: 
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a) Establish PCI vs AGE curves for all pavements common to the first and second 
surveys for different thicknesses of flexible and portland cement concrete 
pavements. The flexible pavements include various thicknesses of AC pavements, 
AC overlays, bituminous surface treatments, and slurry seal surface maintenance 
treatments. Applications such as fog seals, chip seals, and emulsions were not 


common to first and second surveys. 


b) Evaluate AGE data for the pavement features being studied. Essentially, an 
estimation of the projected life expectancy based on past performance of similar 


pavements will be evaluated. 


2.1.1 SUMMARY OF PCI PROCEDURES 


Condition Survey Procedure 


The procedure is limited to flexible pavements (pavements with conventional bituminous 
concrete surfaces) and jointed rigid pavements (jointed non-reinforced concrete pavements 


with joint spacing not exceeding 25 feet). 


спие: 
a. Determine present condition of the pavement in terms of apparent structural 
integrity and operational safe condition. 
b. Provide the FAA with a common index for comparing the condition and 
performance of pavements at all airports and also provide a rational basis for justification of 
pavement rehabilitation projects. 





c. Provide feedback on pavement performance for validation and improvement of 
current design, evaluation, and maintenance procedures. 


The airport pavement condition survey and the determination of the PCI are the primary 
means of obtaining and recording vital airport pavement performance data. The condition 
survey for both rigid and flexible pavement facilities consists primarily of a visual 
inspection of the pavement surfaces for signs of pavement distress resulting from the 


influences of aircraft traffic and environment. 


Basic Aj nf Б 


Basic airport data is incorporated into the condition survey report. 


a. Design/construction/maintenance history. 

b. Traffic history - carriers, commuters, cargo, military aircraft traffic records 
including aircraft type, typical gross loads, and frequency.. 

c. Climatological data - ranges and precipitation. 

d. Airport layout - plans and cross section of major components, including 
subsurface drainage systems. 

e. Frost action - record of pavement behavior during freezing periods and 
Subsequent thaws. 

f. Photographs. 


g. Pavement condition survey reports. 


le of Basic Condition Rating Procedure: 


l. Divide pavements into "features" (increments) - overall airport 
pavements must be divided into features based on the pavements' design, construction 
history, and traffic area. A designated pavement feature therefore has consistent structural 
thickness and materials, was constructed at the same time, and is located on one airport 
facility, i.e. runway, taxiway, etc. 

2. Divide pavement feature into sample units - # of slabs or # square feet. 





3. Inspect sample units - determine distress types and severity levels and 
measure density. 

4. Determine deduct values - these are obtained from appropriate curves. 

5. Compute total deduct values (TDV) - sum all deduct values for each 
distress condition observed. 

6. Adjust total deduct value - a corrected deduct value (CDV) is determined 
using procedures in the appropriate section for jointed rigid or flexible pavements.. 

7. Compute pavement condition index - PCI = 100 - CDV for each sample 
unit inspected. 

8. Compute PCI of entire feature - average PCI's of sample units. 


The procedure for conducting PCI surveys as stated in Advisory Circular 150/5380-6 has a 
confidence level of 95 %, however recently the confidence level was reduced to 92% to 
allow for a smaller inspection area. The confidence level indicates the probability that an 
obtained value computed from the random sampling survey technique will fall within a 
10% range (+ 5%) of representing the entire pavement feature being surveyed. The range 


15 ПОУ/ 16 90 (4896). 


2.2 PAVEMENT DISTRESSES AND PCI EVALUATIONS 


The deterioration of a pavement, runway or highway, is most often readily apparent by 
external signs or indicators which can be associated with the probable causes of the failure 
or imperfection. The discussions of problems related to pavement distresses are generally 
related to the pavement type; concrete or bituminous/flexible [4]. However, while each has 
its own particular characteristics, the various pavement distress manifestations for 
bituminous and concrete pavements generally fall into one of the following broad categories 


[4]: 
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a) Cracking - often a result of stresses caused by contraction or warping of the 
pavement in concrete pavements. Overloading, loss of subgrade support, 
inadequate or improperly cut joints are also possible causes. In bituminous 
pavements causes are mostly attributed to deflection of the surface over an unstable 
foundation, shrinkage of the surface, poorly constructed lane joints, or reflection 


cracking. 


b) Distortion - a change in the pavement surface from its original position and 
results from foundation settlement, expansive soils, frost susceptible soils, or loss 
of fines through inadequate drainage systems. In bituminous pavements 
insufficient compaction of pavement courses, unstable bituminous mix, and poor 


bonding between surface and underlying layers also lead to distortion. 


c) Disintegration - improper curing and finishing, unsuitable aggregates, and 
improper mixing of concrete lead to the breaking up of pavements into small, loose 
particles. Insufficient compaction of the surface, insufficient asphalt in the mix, or 


overheating of the mix leads to disintegration in a bituminous pavement. 


d) Skid resistance - surface texture reduction and contaminant build-up such as 
rubber deposit accumulation over a period of time will reduce a pavement's skid 
resistance. In bituminous pavements, too much asphalt in the mix or too heavy 


a prime coat will reduce skid resistance. 
During the PCI survey procedure, as alluded to previously, sample units are inspected and 


a determination of the distress types and severity levels is made. Standard distress types 


can be checked from a listing on the inspection sheet and their severity and density noted. 
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Severity levels are then assigned “deduct values”, totaled, adjusted, and an overall PCI 
rating obtained by deducting the value for the sample from 100%. See Appendix C pages 


C-14 and C-17 for the standard forms used in conducting the survey. 


2.3 MODELING OBJECTIVES 


The correlation and regression modeling equation calculations were accomplished using the 
statistical software program MINITAB [3], and graphically presented using the Microsoft 
Cricket Graph software package. Correlation is a means of measuring the association 
between two variables, whereas regression goes a step further by establishing an equation 
which determines one of the variables based on knowing the second. The variables are 
Classified as independent and dependent. In the case of this report the independent variable 


is AGE, and the dependent variable is the corresponding PCI value. 


An equation or curve will therefore show the relationship between these two variables over 
a period of time. There are several important criteria needed in developing reliable 
pavement models, with each respective criterion capable of significantly altering the model 


obtained during the evaluation or investigation. The primary criteria are [1,2]: 


a) A reliable data base. 
b) Include any variable that will significantly affect pavement performance. 
C) A usable and functional form of the model. 


d) An accurate model which meets statistical requirements. 


Modeling attempts to depict the past performance of a particular element based on input 


data. The data used during the course of this report is simple, however, the PCI values 
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recorded are based on a pavement’s overall condition which incorporates most of the 
variables associated with a pavement’s deterioration including, construction method, 
materials, construction date, environment, traffic frequency and loading. The models 
attempted and presented are considered the most applicable based on the constraints, and 
the above elements apply with the exception of a “variable that will significantly affect the 


pavement's performance." 


2.4 PCI vs. AGE CURVES 

As stated earlier in this chapter, the first objective is to develop PCI vs AGE curves for 
different thicknesses of flexible and rigid pavements. There are varying representations of 
curve fitting for data being evaluated ranging from a straight line fit to logarithmic curve fit 
of the data. The straight line fit is represented by an equation that reads as follows : 
PCI(%) = Bg - B}(AGE). As in the case of any straight line equation, By is the intercept 
on the PCI (y) axis and B the slope of the line plotted. Based on the fact that a curve best 
represents the deterioration of a pavement however, other equations involving exponential 
relationships between the PCI rating and AGE, or polynomial relationships with additional 
constants and AGE raised to increasing powers best depict the deterioration of a pavement. 


These equations will be discussed in further detail in Chapter Four. 


The following example depicts a typical graph and model that is indicative of the primary 


objective of this report: 


(a) Assume the points indicated in Figure 2-1 represent any pavement section. 
Two of the possible curves that can be developed to “fit” the four available data points are 
shown. The initial data point is considered to be PCI = 100, and AGE = 0. This is the 
assumed value throughout this report for the original pavement construction time frame or 
where a new surface treatment is applied. The remaining data points are (5,85), (10, 65), 
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and (15, 30). It is apparent that the curve more readily depicts the rate of deterioration of a 
pavement versus the straight line depiction. If, for example, failure is considered to have 
occurred at a PCI of 10%, then the age at failure is 21 years for the straight line fit and 17 
years for the curvilinear fit. 


Typical PCI vs, AGE PI 


у = 100.00 - 3.1667х + 0.10000х^2 - 1.3333е-2х^3 


4 RA2 = 1.000 


PCI (%) 
AGE (years) 


PCI 
(%) 


y = 104.50 - 4.6000x 
RA2 = 0.962 





AGE (years) 


Figure 2-1 Example model of PCI vs AGE for any pavement showing 
straight line and curvilinear representations. 


14 





The R2 values indicated on the preceding graph will be addressed in Chapter Four. 


The second objective of the report is to look at the correlation between pavement structures 
and estimated LIFE. The time elapsed between original construction of a pavement and a 
corrective or maintenance application defines the LIFE of that pavement. Regression 
modeling results can be compared with simple LIFE calculations to determine if a 
developed model compares favorably or not with results from these calculations. Standard 


deviation computations will also be used when evaluating pavement LIFE data. 


Figure 2-2 depicts typical straight-line performance plots of an AC surface course of two 
inches asphalt concrete on varying base thicknesses. The correlation of increased base 
thickness to increased pavement life [1] is apparent from the actual plots shown. An 
assumption of similar construction materials and processes must also be made when 


evaluating data results and graphic depictions such as these. 


2.5 THE PAVEMENT CONDITION RATING SCALE 


The PCI rating scale indicates the respective levels of pavement rated conditions. As 
shown in Figure 2-3, however, failure of any particular pavement does not occur until a 
10% PCI rating has been achieved. Although it was stated previously that 55% is the 
recommended rehabilitation or replacement point, in fact a pavement is not considered in 
very poor condition until between 10 and 25%. There is obviously a significant grey area 


of rating unacceptability which needs to be better defined. 


If the scale depicted an established point where the runway pavement was determined to be 


not usable, then interpretation and subjectivity would become lesser factors in the use of the 
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the scale. Highways are evaluated using a similar rating method with their scale known as 
the Pavement Condition Rating (PCR) scale, but there is an implied PCR value of 
unacceptability at a PCR of 40% [1,8]. This rating is somewhat equal to the PCI 55% 


rating based on the methods of rating pavements. Figure 2-3 is shown on the following 


page. 


2" AC on 6"Base & 6"Subbase 
PCI 
(70) 


2"AC on 6"Base 





0 > 10 15 20 25 30 


AGE (years) 


Figure 2-2. Example model of PCI vs AGE for a flexible pavement 


with constant AC and varying base composition. The 
equation is PCI = Bg - B}(AGE). 
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VERY POOR 
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Figure 2-3 Airport Pavement Condition 


Index (PCI) and Rating Scale [4} 
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CHAPTER THREE 


DATA REVIEW AND INTERPRETATION 


3.1 INTRODUCTION 


This chapter will present the different categories of data evaluated and an explanation for 
the particular categories chosen. Substantial information from the report completed by 
Weisenberger [1] in 1988 was reviewed in addition to current data from the FAA and 
WSDOT. The information reviewed was incorporated into a database and is attached as 
Appendices A, B, and E. In addition, actual pavement condition surveys for Othello 
Municipal, WA and Tillamook Airport, OR are included as example surveys in Appendices 
A, and B, respectively. As in the case of the first PCI analysis report, written descriptions 
of airport pavement histories were sometimes sketchy to non-existent. All descriptions 
were read in detail, however, as evidenced from the data there are still many unknown 
(UNK) pieces of information for many general aviation airports in the region. 
Terminology was sometimes inconsistent particularly when the use of bituminous surface 
treatments (BST's) were discussed. At times one could infer that the inspector or author of 


the particular survey was referring to a seal coat application versus a BST. 


During the first analysis 142 general aviation (GA) airports with 240 different runways 
were evaluated. The analysis included airports in Washington (64), Oregon (56), and 
Idaho (22). This report addresses 120 GA airports with 202 runways from Washington 
and Oregon. Data from Idaho was included for age comparison and reference only. Of the 
202 runways, only 78 had a second PCI survey conducted with a reduction in the PCI 


rating. Other second survey data points were available but not used. Twenty-three points 
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were higher and in a few cases the same as the first survey three or four years prior. In 
most cases where there was an increase in PCI rating there was a maintenance application 
or overlay. In other cases the increased rating is attributable to the individual survey, as no 
record of a surface treatment between surveys was documented. Other second survey PCI 
ratings were the same as the first with no deterioration in a three or four year period. The 
78 runways therefore provided 156 data points for evaluation, in addition to an assumed 


PCI = 100 for each data category. 


As noted in Chapter Two, PCI ratings are based on pavement distress, however, this 
analysis will not attempt to tie particular distresses to individual PCI rating results. 


Appendix C includes examples of various distresses found in runways. 


Pavement condition surveys address all facets of an airport's pavement system; runways, 
taxiways, and parking aprons. This study evaluates PCI values associated only with 
runways at the GA airports in question. As shown in the surveys for Othello and 


Tillamook airports, each survey includes the following information: 


a) original construction dates 

b) maintenance history 

০) airport layout 

d) sample locations and areas 

e) types of pavement distress 

f) maintenance recommendations 
g) climate data 

h) trend conditions 

1) feature summaries 


It is worthy to note that since PCI surveys are conducted by individuals it is to understand 
that a certain amount of subjectivity accompanies each inspection despite the trainin g of all 


inspectors by the same FAA office. Since there is no “subjectivity” factor that can be 
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applied to the data, readings were accepted at face value and treated as collected, with the 
exception of points that were simply omitted from the analysis due to no deterioration or an 
increase in the ratings. These points were discussed earlier. The FAA in fact has reviewed 
the data and deemed the surveys to be of good quality with no need for adjustments. Other 
data points omitted from the analysis included those with unknown conditions which 


placed what information there was on the particular runway or airport in doubt. 


3.2 REVIEW OF 1988 DATA 


As is the case in this analysis, Weisenberger [1] experienced difficulty with interpreting 
data during the first PCI study. There were inconsistencies in the data and terminology 
which still exist. Pavement histories were sketchy and often non-existent all of which 


created several problems in establishing a credible database. 


Similar pavement categories were chosen for this study for easy comparison with those 
established in the first study. The areas of notable differences occur in the BST's and 
surface maintenance applications, as the number of data points obtained from second 
surveys did not warrant a general breakdown of single, double, and triple bituminous 


surface treatments and only enabled the investigation of slurry seal applications. 


Using selected data, Weisenberger [1] was able to generate regression equations and 
survival statistics. The performance models provided an approximation of how various 
pavements and maintenance techniques performed. The models were not intended to be 
used as strict guidelines in assessing an individual pavement, but as an additional tool in 


evaluating alternatives. 
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The assembly and compilation of the data indicated that numerous pavements were in need 
of repair and replacement, even prior to development of the regression models. The report 
provided a consolidated database of the tri-state area general aviation pavement conditions 
and presented a good approximation of projected pavement performance and life. A 


comparison of regression modeling results will be addressed in Chapter Four. 


3.3 DATA INTERPRETATION OF 1991 SURVEYS 


Some basic and straight forward assumptions were made at the outset when this project 
was undertaken. All pavements were considered to have a PCI of 100% at original 
construction or whenever a new surface application was introduced. This assumption can 
be somewhat tainted by the fact that the construction process could have been faulty or 
construction materials substandard and therefore nullify the “perfection at the outset” 
scenario. However, a pavement was considered "satisfactory", PCI = 55% according to 
the rating scale in Figure 2-3, until the time it received a surface treatment. This elapsed 
time between construction/surface application and a subsequent maintenance or 
rehabilitation procedure is considered the life of the pavement. In the case of Tillamook 
Airport, runway R1 was originally constructed in 1943 with a 2-inch AC surface course. 
In 1983 a 1.5-inch AC overlay was applied to the runway. This overlay received a PCI 
rating of 92% in 1987. The LIFE of the pavement was therefore 40 years and the AGE at 
the survey, 4 years. Other conclusions that can be drawn from the preceding information 
are: 

a) The 1.5” AC overlay is losing 2 % PCI points per year. 

b) If one follows the rule of thumb that pavements should be repaired at about a 

PCI = 55% [4], then the rate of PCI loss during the life of the original surface 2- 

inch AC is about 1.1% PCI points per year, half the rate of the repair treatment. 


This assumption of replacement at 55% can be both practical and erroneous since 
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no record of the PCI rating at rehabilitation of individual pavements is available. At 
the present rate the AC overlay is predicted to last approximately 22.5 years. The 
difference in the rates of deterioration can be attributable to a number of factors 


including construction process or materials, as addressed above. 


3.4 PAVEMENT COMPARISONS FOR Ist AND 2nd SURVEYS 


As stated previously, the primary objective for this analysis was to look at pavements with 
two sets of PCI points, actually three counting PCI = 100 at AGE = 0. These individual 
points would then be grouped into an overall common category and an attempt made to 
develop a representative model for the data set. Several pavements received surface 
treatments between surveys and therefore had higher values of PCI compared to their initial 
rating. Others received higher ratings, but there was no record of a surface treatment 
applied and therefore the increased rating was attributable to the individual conducting the 
rating or the lack of proper documentation for the respective pavement. In addition, six 
pavements were discovered to have the same PCI rating for both surveys; four with a 4- 
year difference in rating period and two with a 3-year difference in rating period. All of the 
above mentioned runways were excluded from the overall analysis since the results were 


not indicative of normal pavement performance. 


Further attention was given to the average loss per year for individual pavements between 
the following points: 

a) AGE = 0 and the initial PCI rating 

b) PCI rating No. 1 and PCI rating No. 2 

c) AGE = 0 and PCI rating No. 2 (overall loss) 
This was done in an effort to try and determine the best representative loss rating and 


thereby assist in determination of LIFE calculations. 
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3.5 DATA REVIEW 


The categories used in the analysis of the data obtained was grouped into five different 
pavement characteristics, with one the characteristics subdivided in four further groupings. 
Eight categories of pavements were therefore evaluated and are presented as Tables 3-1 
through 3-5. Prior to discussing each of the categories and presentation of the data the 


following notes are provided: 


a) The AGE associated with each PCI rating is the time elapsed between the last 
surface treatment, whether original or maintenance treated, and the listed PCI 
survey rating. 

b) In tables where only AGE values are given and no "asterisk" accompanies the 
runway, there were no second survey PCI values available for the runway and as 
such, a PCI evaluation was not conducted for the runway. 

c) The tables indicated in b) are for estimation of that particular pavement feature's 
overall LIFE. 


The five pavement characteristics designated for individual groupings are flexible 
pavements, AC overlays, bituminous surface treatments, surface maintenance techniques 


(slurry seals only), and portland cement concrete. 


3.5.1 Flexible Pavements - Flexible pavements are normally constructed with a 
surface course of asphalt concrete, a base course, and depending on design criteria, a 
subbase course. The base course will normally be composed of a high quality aggregate 
which can be treated or untreated, crushed or uncrushed, or any combination thereof. If 
required the subbase would normally be of a lesser quality aggregate than the base. The 


subdivided categories for flexible pavements are: 
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a) Two to three inches of AC on six to eight inches of base (Table 3-1a). This 
category included 12 runways providing 24 data points. Eight runways were from 
Washington and four from Oregon. The base could be a combination of base and 


subbase but had to be eight inches or less. 


b) Iwo to three inches of AC on greater than eight inches of base (Table 3-1b). 


Nine runways with 18 data points were evaluated, with seven from Washington 


and two from Oregon. The base-subbase composition was irrelevant. 


C) Greater than three inches of AC on any base or subbase (Table 3-1c). Five 


runways with 10 data points were evaluated, with three Washington and two 


Oregon runways. 


d) World War Two constructed AC runways (Table 3-1d). Five runways 


generated 10 data points to be evaluated and all runways were from Washington. 
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TABLE 3-la Flexible pavements with associated PCI survey results and the corresponding AGE for the 
respective survey (Pavement structural sections consist of 2 - 3 inches AC on 
6 - 8 inches of base). 


No. AIRPORT & LOCATION PCI AGE PCI AGE 
(Jo) (years) (Jo) (years) 
Í. BOWERS FIELD, ELLENSBURG, WA (R1) 67 10 64 13 
2. BREMERTON, WA (R5) 82 13 80 17 
3. ELMA MUNICIPAL AP, WA 88 12 83 15 
4. EVERGREEN FIELD, WA (R1) 55 20 5] 24 
5. EVERGREEN FIELD (R2) 86 16 7] 20 
6. MOSES LAKE, WA (R2) 29 14 18 18 
в. PACKWOOD, WA 94 3 90 6 
8. PORT OF ILWACO, WA 71 15 49 18 
9. ASHLAND, OR (R2) 92 2 88 6 
10. PACIFIC CITY-STATE, OR 79 37 ПӘ: АП 
11. SEASIDE STATE, OR 88 23 88 27 
12. TRI-CITY STATE, OR 88 4 71 8 


Notes: Where a runway designation is not listed there is only one runway presently at the airport. 


All "AGE" listings associated with a PCI value are the ages of the pavement feature when 
the PCI survey was conducted. 
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TABLE 3-1b Flexible pavements with associated PCI survey results and the corresponding AGE for the 
respective survey (Pavement structural sections consist of 2 - 3 inches AC on greater than 


8 inches of base). 


No. AIRPORT & LOCATION PCI AGE PCI AGE 
(70) (years) (Zo) (years) 

V. ANACORTES, WA (R2) > 13 90 16 
2. ANACORTES (R3) 100 13 92 16 
D. AUBURN, WA (R2) 90 19 87 23 
4. EPHRATA, WA (R2B) 89 4 84 8 
3» KELSO-LONG VIEW, WA 90 4 82 5 
6. OLY MPIA, WA (R2) 89 8 85 11 
D. PULLMAN, WA (R2) 70 18 48 21 

8. HOOD RIVER, OR (R1) 96 1 92 5 
2. HOOD RIVER (R2) 95 l 90 


Notes: Where a runway designation is not listed there is only one runway presently at the airport, or 
one runway feature of the main runway that was evaluated at the time of the survey. 
In certain cases, for example, R2 indicates a separate second runway, however, in others such 
as Pullman R2, the PCI values are for a specific section of the main runway. Appendices A & 


B list the differences and show the composition of the pavements for different runways. 
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TABLE 3-lc Flexible pavements with associated PCI survey results and the corresponding AGE for the 
respective survey (Pavement structural sections consist of greater than 3 inches AC on 


any base or subbase). 








No. AIRPORT & LOCATION PCI AGE PCI АСЕ 
(Jo) (years) (Zo) (years) 

1. BREMERTON, WA (R2) 83 13 টিকলি 

2. BREMERTON (R3) 86 13 80 17 

3. PULLMAN, WA (R3) 81 18 68 21 

4. CHRISTMAS VALLEY, OR 90 2 86 6 

5. ILLINOIS VALLEY, OR (R2) 93 27 91 31 


Note: Pullman R3 is not a separate third runway. 


TABLE 3-1d Flexible pavements with associated PCI survey results and the corresponding AGE for 
runways constructed during World War Two (No repair or rehabilitation treatment 


applied). 
No. AIRPORT & LOCATION PCI AGE PCI AGE 
(Zo) (years) (70) (years) 
Т. BOWERMAN FIELD, WA (КГ) 7] 43 59 46 
2. BOWERS FIELD, WA (R4) 54 44 22 47 
В. DEER PARK, WA (ЕЗ) 47 43 39 46 
4. OLYMPIA, WA (R1) 55 46 45 49 
5. WINLOCK-TOLEDO, WA 49 43 42 46 





Note: Where a runway designation is not listed there is only one runway presently at the airport, or 
one pavement feature of the main runway that was evaluated at the time of the survey. 
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Pavement life for runways with flexible pavements constructed during World War Two 
(WWII), and those constructed after WWII, was examined and data indicated in the 
following tables. The WWII period is considered between 1942 and 1945. 


a) Post World War Two pavement LIFE (Table 3-1e). The table is separated into 


two categories for runways with less than three inches of AC, and those greater 
than three inches AC Thirty one runways are listed with only seven of the runways 
examined in the PCI analysis. 


b) WWII pavement LIFE runway evaluations (Table 3-1f). These comprised 42 


runways with 12 of the runways examined in the PCI analysis. They are separated 
as in the Post-WWII section. As indicated, several airports were in excess of 40 
years old before a surface treatment was applied. 


For those runways with a corresponding PCI analysis, the Corrective Measure column 
indicates the category that includes the particular runway for overall analysis. In addition, 
Appendix D illustrates individual regression modeling for runways being analyzed. The 
Corrective Measure stated defined the "LIFE" of the respective pavements, and the AC 


surface course was the original surface course applied to the runway. 
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TABLE 3-le Flexible pavement life for pavements constructed after World War II 





Pavements with less than 3 inches of original AC surf: r 
No. AIRPORT & LOCATION AC AGE CORRECTIVE YEAR 
(in) (years) MEASURE 

(8 HARVEY FIELD, WA 2 12 SEAL COAT 1982 
D. PANGBORN FIELD, WA (R1) 2 37 CHIP SEAL 1974 
3. PEARSON AIRPARK, WA (R1)* 155 9 CHIP SEAL 1975 
4. PEARSON AIRPARK (R2)* 29 9 CHIP SEAL 1975 
b. PIERCE COUNTY, WA 1.5 30 REBUILT 1988 
6. PROSSER, WA 2 4 CHIP SEAL 1981 
D. PULLMAN-MOSCOW, WA (R1)* 2 24 2" AC OVERLAY 1972 
8. SEKIU, WA (R1) 2 15 CHIP/SAND SEAL 1987 
9. SEKIU (R2) 2 8 CHIP/SAND SEAL 1987 
10. ALBANY MUNICIPAL, OR 2 21 2"AC OVERLAY 1986 
11. BANDON STATE, OR 2-3 6 CHIP SEAL 1972 
12. . CHILOQUIN, OR 12:22! SEAL COAT 1968 
13. FLORENCE MUNICIPAL, OR 1.5 17 2"ACOVERLA Y 1985 
14. GOLD BEACH, OR 1 19 КЕВОП,Т 1983 
15. HERMISTON, OR 13 18 2"ACOVERLAY 1977 
16. ROSEBURG, OR* 2 35 SLURRY SEAL 1986 
17. TRI-CITY, OR* 143 13 CHIP SEAL 1983 
18. CALDWELL, ID (R1) 2 11 SL./FOG SEAL 1986 
19 CALDWELL (R2) 2 11 SL./FOG SEAL 1986 
20. | CRAIGMONT, ID ] 8 CHIP/FOG SEAL 1983 
21. GOODING MUNICIPAL, ID 2 1 SLURRY SEAL 1985 
22. NAMPA MUNICIPAL, ID 2 9 SL./FOG SEAL 1985 
23. SODA SPRINGS, ID 2:5 14 SLURRY SEAL 1983 





Note: "AGE" in Tables 3-1e and 3-1f is the difference between original construction and the year of 
the corrective measure. See Appendices A, B & E for complete tabular listings. 
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TABLE 3-le Flexible pavement life for pavements constructed after World War II 
(cont’d) 
Pavements with 3 inches or r of original AC surf: 





No. AIRPORT & LOCATION АС AGE CORRECTIVE YEAR 
(in) (years) MEASURE 
ll: PANGBORN FIELD (R2) 3 37 CHIP SEAL 1974 
2. PULLMAN-MOSCOW (R2)* 3 17 GROOVED 1985 
B. PULLMAN-MOSCOW (R3)* 4 17 GROOVED 1985 
4. SUNNYSIDE, WA 3 10 SLURRY SEAL 1985 
5. AURORA STATE, OR 3 3 2"ACOVERLA Y 1978 
6. ROBERTS FIELD, OR (R1) 4 6 POR. FRIC. CRS. 1981 
7. GRANGEVILLE, ID (R1) 3 18 2" AC OVERLAY 1983 
8. McCALL MUNICIPAL, ID 3 11 SLURRY SEAL 1985 


Notes: Where a runway designation is not listed there is only one runway presently at the airport. 
Idaho runways are included here for comparison with Washington and Oregon state 
airports with respect to AGE. The former are not included in PCI data comparison or 
evaluation as there has been no second set of PCI surveys conducted for Idaho airports 
as of this writing. 

* Indicates airports with a second set of PCI surveys which are included in the data 
analysis and evaluation of this report. Refer to Tables 3-1a through 3-4 and Appendices 
А, B, and E for PCI and pavement structural section information. 
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TABLE 3-1f Flexible pavement life for pavements constructed during World War II. 


Pavements with 1 inches of original AC surf 
No. AIRPORT & LOCATION AC AGE CORRECTIVE YEAR 
(in) (years) MEASURE 
1. | BREMERTON NATIONAL, WA (R1)* 2.5 32 3"AC OL 1974 
2. EPHRATA, WA (R2)* 215 SLURRY SEAL 1970 
3. | KENNEWICK VISTA, WA 2 34 CHIP SEAL 1976 
4. OLYMPIA, WA (R3)* 2.5 38 3"AC OL 1980 
5. RICHLAND, WA (ВІ) 2 36 2"AC OL 1979 
6. RICHLAND (R2) 2 36 2"AC OL 1979 
7. SANDERSON FIELD, WA* 2 37 SLURRY SEAL 1979 
8. WILLIAMR. FAIRCHILD, WA (RI) 2 37 2"AC OL 1979 
9. WILLIAM R. FAIRCHILD (R2) 2 37 2"AC OL 1979 
10. WILLIAM R. FAIRCHILD (R3) 2 36 2"AC OL 1978 
11. BAKER MUNICIPAL, OR (R1) 2.5 21 SEAL COAT 1963 
12. BAKER MUNICIPAL (R2) 25. 2] SEAL COAT 1963 
13. BOARDMAN, OR 2 37 1.5" ACOL 1980 
14. BURNS MUNICIPAL, OR (R1) 2 36 CHIP SEAL 1978 
15. BURNS (R2) 2 36 CHIP SEAL 1978 
16. CORVALLIS, OR 2s OO 3" AC OL 1984 
17. LA GRANDE, OR (R2) 2 32 4"AC OL 1974 
18. LAKE COUNTY, OR* 2 42 SLURRY SEAL 1985 
19. MADRAS COUNTY, OR 2 34 2" АС ОГ, 1977 
20. | McMINNVILLE MUNICIPAL, OR (R2) 2 37 SLURRY SEAL 1980 
21. NORTH BEND MUNICIPAL, OR(R2) 2.5 34 2" ACOL 1977 
22. NORTH BEND (R2A) 2025 081 2" AC OL 1977 
23. PENDELTON, MUNICIPAL, OR(R2) 2 32 PFC/7"AC OL 1974 
24. PENDELTON (R3) 2 36 3" ACOL 1978 
25. | PENDELTON (R4) 2 36 5.5" ACOL 1978 
26 PENDELTON (R5) 2 36 10"AC OL 1978 
27. PORT OF ASTORIA, OR (R2)* 2.5 36 3/4" AC OL 1980 


— E ৯২ জো 
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TABLE 3-1f Flexible pavement life for pavements constructed during World War II. 








(cont'd) 
ments with 1 inch rigi 

No. AIRPORT & LOCATION AC AGE CORRECTIVE YEAR 
(n) (years) MEASURE 

28. | SCAPPOOSE INDUSTRIAL, OR 2 43 SLURRY SEAL 1986 

29. | NEWPORT MUNICIPAL, OR (R1) Z 40 3" AC OL 1984 

30. NEWPORT (R2) 2 40 SLURRY SEAL 1984 

31. THE DALLES MUNICIPAL, OR (RI) 225222 SLURRY SEAL 1965 

32.  TILLAMOOK, OR (R1) 2 40 1.5" AC OL 1983 

33. TILLAMOOK (R2) 2 40 CHIP SEAL 1983 

Pavements with 3 inches or r of original A rf 

No. AIRPORT & LOCATION AC AGE CORRECTIVE YEAR 
(in) (years) MEASURE 

1. ARLINGTON MUNICIPAL, WA (R2)* 3 34 2"AC OL 1976 

2. BREMERTON NATIONAL (R2)* 3 32 5"AC OL 1974 

3. BREMERTON NATIONAL (R3)* 5 41 CRACK SEAL 1983 

4. BREMERTON NATIONAL (R4)* 3 32 2"AC OL 1974 

D. EPHRATA (R1A)* 3 21 SLURRY SEAL 1970 

6. OMAK, WA* 4.5 31 2.5" AC OL 1974 

7. NORTH BEND, OR (R1) 3 34 2" AC OL 1977 

8. NORTH BEND (R3) 3 9 CHIP SEAL 1952 

9. PENDELTON (R1) 3 32 PFC/7" AC OL 1974 





Notes: Where a runway designation is not listed there is only one runway presently at the airport. 
* Indicates airports with a second set of PCI surveys which are included in the data 
analysis and evaluation of this report. Refer to Tables 3-2 through 3-4 and Appendices 
A, B, and E for PCI and pavement structural section information. 


32 





3.5.2 АС Overlays - AC overlays considered for this category of the analysis 
ranged from 3/4 inch to 3 inches, with the majority of the runways receiving a 2 inch 
overlay as a rehabilitation measure. Eighteen runways were evaluated (36 points) with 
only six receiving less than a 2 inch overlay. Twelve of the 18 runways were Washington, 
and the remaining six are Oregon runways. Of the corrective measures analyzed for this 
study, AC overlays were easily the most commonly used. Table 3-2 lists the PCI ratings at 


the corresponding pavement AGE and AC overlay thickness. 


Asphalt concrete overlays are used as a means of rehabilitating existing pavements [1,5]. 
They restore the existing pavement's surface characteristics and improve its structural 
integrity. The thickness of an AC overlay is determined by the intended use and can vary 
from approximately 1 inch, and sometimes less*, to several inches [5]. The most common 
thickness used is normally 2 inches. The AC overlays were examined as a single pavement 


feature with all thicknesses grouped together. 


* The Port of Astoria's runways R1 and R1A each have 3/4-inch AC overlay surface 


COUTSCS. 
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TABLE 3-2 
No. AIRPORT & LOCATION 

1. | ANACORTES, WA (R1) 

2. ARLINGTON, WA (R2) 

3. BREMERTON, WA (R4) 

4. CREST, WA 

5. | MOSES LAKE, WA (R1) 

6. | OLYMPIA, WA (R3) 

7. ОМАК, МА 

8 OTHELLO, WA 

9. PORT OF WILLIPA HARBOR, WA (R1) 

10. PORT OF WILLIPA HARBOR (R2) 

11. PULLMAN-MOSCOW REGIONAL, WA (R1) 
12. WILBUR, WA 

13. ASHLAND, OR (R1) 

14. ILLINOIS VALLEY, OR (R1) 

15. | PINEHURST, OR 

16. PORT OF ASTORIA, OR (R1) 

17. PORT OF ASTORIA (RIA) 

18. TILLAMOOK, OR (R1) 





Note: Where a runway designation is not listed there is only one runway presently at the airport. 
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"AGE" is the difference between the year of original construction of the overlay and the year 


the PCI survey was conducted. Refer to Appendices A and B for PCI survey dates. 
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3.5.3 Bituminous Surface Treatments (BST) - Bituminous surface treatments are 
different from asphalt concrete in that they do very little to enhance a pavement's ability to 
support loads [6]. The surface treatment is normally less than 1 inch in thickness and 
consists of a thin layer of bituminous binder containing surface course aggregate [5]. This 
layer is normally placed on an aggregate base. These applications are most often used as a 
wearing and waterproofing surface course [1]. BST's are usually applied for maintenance 
purposes which includes use as a seal coat on previously treated surfaces. This particular 
difference caused some problems in the case of the first report because of the use of 
terminology in the PCI surveys, 1.e. seal coat versus BST. 

Nine runways were analyzed with no distinction regarding whether the surface 
course was a Single bituminous layer, double, or triple treatment. It should be noted that a 
DBST does not always mean two single BST layers, and similarly a TBST does not mean 
necessarily that three single BST layers are present. The difference relates to multiple 
equivalent layers as opposed gradually increasing aggregate size layers. Table 3-3a lists 
PCI and AGE results for the 9 runways, 18 points, and Table 3-3b provides LIFE data for 
those pavements which received surface treatments prior to the two PCI surveys. Only one 


of the runways was from Oregon. 
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TABLE 3-3a Bituminous surface treatments with associated PCI results and corresponding AGE. 
("AGE" indicated is time elapsed between last surface treatment and survey.) 


(See Appendices A and B for years of survey for the respective runways.) 








No. AIRPORT & LOCATION BST PCI AGE PCI АСЕ 
COMP. (%) (years) (%) (years) 

Г. CONCRETE MUNICIPAL, WA DBST 61 12 34 15 

2. DAVENPORT, WA TBST 82 2 60 5 

B. OCEAN SHORES, WA DBST 98 1 95 4 

4. ODESSA, WA (R1) DBST 79 2 46 6 

5. ODESSA (R1A) TBST 58 2 50 6 

6. SEQUIM VALLEY, WA DBST 52 3 42 6 

7. STORM FIELD, WA TBST 73 1 68 4 

8. WOODLAND STATE, WA TBST 91 3 88 7 

9. NEWHALAM BAY, OR TBST 80 8 eR 12 

Note: BST's include both original construction and maintenance ("seal coats") 

TABLE 3-3b Bituminous surface treatments LIFE data. 

Мо. AIRPORT & LOCATION BST SURFACE BASE AGE 
COMP. COURSE (inches) (years) 

1. CONCRETE MUNICIPAL, WA DBST DBST (OS) 6 NR 

2, DAVENPORT, WA TBST BST-DBST 8 11 

В; OCEAN SHORES, WA DBST DBST (OS) 8 NR 

4. ODESSA, WA (R1) DBST DBST 6 155 

5. ODESSA (R1A) TBST DBST-BST 3 15 

6. SEQUIM VALLEY, WA DBST DBST(OS) 12 NR 

n STORM FIELD, WA TBST BST-DBST 8 17 

8. WOODLAND STATE, WA TBST TBST (OS) 7? NR 

9. NEWHALAM BAY, OR TBST BST-DBST 6 14 





Notes: Where a runway designation is not listed there is only one runway presently at the airport. 


OS - original surface 


NR - no repair/rehab 
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3.5.4 Surface Maintenance Applications & Techniques - The only surface 
maintenance technique evaluated in this study, was the category of slurry seals, as this 
treatment was the only one present in runways with two sets of PCI surveys. Surface 
maintenance applications are normally sprayed asphalt treatments and are a repair measure 
rather than a structural enhancement method. Waterproofing and improvement of skid 
resistance are two of the primary uses of these applications [1]. The first analysis had six 
groupings of surface seal applications, but as noted above only slurry seal maintenance will 
be addressed here. This was not considered a problem since it is the most common repair 
method. Slurry seals are a mixture of well-graded fine aggregate, mineral filler, emulsified 
asphalt, and water applied to a pavement as a Surface treatment. 

Of the airports evaluated, none have received a subsequent treatment, therefore 
maintenance technique LIFE investigations were not possible. Eleven runways with 22 
PCI/AGE points were analyzed. Eight of the 11 runways were from Washington. 

Weisenberger's [1] study addressed surface treatment LIFE evaluations for various 
applications, however, the data make-up and groupings will not be restated here. Findings 


from the analysis of the data will be summarized for reference in Chapter Four. 
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TABLE 3-4  Slurry seal surface maintenance applications with PCI results and corresponding AGE. 
(Age listed is time elapsed since initial surface treatment). 


No. AIRPORT & LOCATION PCI AGE PCI АСЕ 
(%) (years) (Jo) (years) 
1. EPHRATA MUNICIPAL, WA (R1A) 60 17 55-221 
p: EPHRATA MUNICIPAL (R2) 53 17 43 21 
В PRU FIELD, WA 83 2 77 6 
4. QUINCY, WA (R1) 72 7 70 11 
5. ROSALIA MUNICIPAL, WA 68 2 49 6 
6. SAND CANYON (CHEWELAH), WA 88 12 70 15 
A SANDERSON FIELD, WA E 9 72 12 
8. WHITMAN COUNTY MEMORIAL, WA 57 5 40 8 
9. LAKE COUNTY, OR 71 2 68 6 
10. ROSEBURG MUNICIPAL, OR 1] 1 57 5 
11.  SCAPPOOSE INDUSTRIAL, OR 65 ] 64 5 


Note: Where a runway designation is not listed there is only one runway presently at the airport. 
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3.5.5 Portland Cement Concrete (PCC) Pavements - Eight PCC pavements with 
sixteen data points were analyzed, and as indicated by the data, only Condon State Airport 
was constructed after WWII. The runway is also the only Oregon pavement represented in 
the data. Three of the runways are in poor shape whereas two are in very good to excellent 
shape. It is interesting to note that the runway at Condon State is the newest of the airports 
yet it has experienced the most severe deterioration rate (4% PCI loss per year since the 
first PCI survey). At this rate, significant rehabilitation will be required in another six or 
seven years, which is almost unacceptable since the pavement life would be a mere 11 
years. No record of any maintenance or repair for Bowerman Field R2 or Chehalis- 


Centralia R1 was found. Table 3-5 lists the pertinent information for this category. 


TABLE 3-5 Portland cement concrete pavement PCI results and corresponding AGE. 


No. AIRPORT & LOCATION PCI AGE PCI AGE 
(70) (years) (To) | (years) 

1. BOWERMAN FIELD, WA (R2) 86 43 84 46 

D. BOWERMAN FIELD (R3) 33 43 26 46 

3. CHEHALIS-CENTRALIA, WA (R1) 84 45 81 49 

4. CHEHALIS-CENTRALIA (R2) 78 45 67 49 

5. EPHRATA, WA (R1) 40 44 33 48 

6. EPHRATA (R2A) 47 44 26 48 

7. QUILLAYUTE, WA 7: 44% 69 47% 

8. CONDON STATE, OR 94 ] 78 2 


* Anoriginal construction date for Quillayute could not be determined, but based on various record 
information the assumed date of construction was set at 1942. 


Note: Where a runway designation is not listed there is only one runway presently at the 


airport. 
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CHAPTER FOUR 


ANALYSIS AND RE T 


4.] ANALYSIS INTRODUCTION 


The primary analysis in this paper is based on regression modeling. Physical hand 
calculations were not required with the exception of simple average computations for the 
average deterioration of various pavements and AGE or LIFE calculations. Reference 
material and subsequently the use of software packages were the means to the development 
of these models/equations. The WSDOT study entitled "Regression Analysis for WSDOT 
Material Applications" [2], and "Prediction Models and Performance Curves" [10], from a 
Federal Highway Administration short-course were the two primary reference items used 


during the accomplishment of this analysis and report. 


4.2 REGRESSION MODELING 


The regression modeling techniques used in this analysis are not recommended to be strict 
applications for predicting pavement performance. Rather, they are intended to be used as 
guidelines in assessing individual pavement performance against a select grouping or 
groupings of pavement. The equations developed and graphic plots depicted are intended 
to be additional tools in helping an airport manager more effectively use information and 


assets on hand to better plan and budget the pavement management system respective to the 
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airport needs. The limited data for analysis restricts the use of the models in any other 
manner. 

4.2.1 Regression Models - Simple linear and non-linear regression analysis were 
the two methods of analysis applied to the available data . Simple linear regression 
provides a straight "best-fit" representation and non-linear provides a curvilinear depiction 
through the use of exponential, polynomial, or logarithmic functions. In the case of this 
study, both exponential and polynomial applications were used, however, in all cases the 
polynomial application provided what appeared to be the best curve fit. The two variables 
which are used throughout the analysis are PCI rating and AGE, with the former being the 
dependent variable and the latter, the independent variable. The modeling is considered 
"simple" since only one independent variable exists, with the exception of polynomials, 
and in the case of the simple linear regression where the equation used 15 normally PCI = 
Bo - B, (AGE), the equation is linear since both parameters (Bo, Bi) and the independent 
variable (AGE) are not power functions. A non-linear model is one where the regression 
parameters appear as exponents or where the independent variable(s) appear as second 


order or higher powers [10]. 


The regression parameters (Bo B 1) are commonly referred to as regression coefficients, 


and, as stated in Chapter Two, Bo represents the intercept of the regression line and В, the 


slope of the regression line in a linear equation. Polynomial equations depict more than one 
independent variable, however, each subsequent variable is a power function of the original 


independent variable. The following equation indicates this relationship: 


PCI = Ву +В; (АСЕ) + B, (AGE)? ый +В (АСЕ)п 


The use of polynomials is restricted in that an attempt should always be made to use the 


lowest degree polynomial equation to obtain the "best fit" possible. 
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The preferred method of regression analysis by WSDOT is the exponential form of the 
standard regression equations where the "power" is fixed, then the regression coefficients 
are determined based on available data points [10]. WSDOT uses this application in their 
Pavement Management System by selecting various powers until the best fit is obtained. 


The equation reads as follows: 


РСК = Во +В (АСЕ) (where "n" is the selected power) 


Normally the power ranges from 1.0 to 3.0, and results are analyzed in 0.25 increments. 


The generation of regression equations is accompanied by factors which give an indication 
of the reliability or confidence associated with the equation resulting from analysis of the 


data. The following is a list of the factors and their relationship to the data: 


a) R-Squared - R-squared is the coefficient of determination and 
used to explain how much the total variation in the data 1s explained by the 
regression line [2]. This value is expressed as a percent, therefore if all 
points fall on the regression line the R-squared value is 100% whereas if the 
point are a significant distance away from the regression line the value will 
also decrease significantly. The higher the R-squared the more confidence 
is provided regarding the data and the line chosen to best fit this data. 


b) T-Ratio - The T-ratio is the result of a hypothesis test which 
determines how well the independent variable predicts the dependent 
variable. The T-ratio should generally be greater than 2.0 for each 
independent variable to be a relatively strong predictor for the dependent 
variable [11]. 


c) SEE - The SEE value is the standard error of the estimate [11]. 
This value is used to estimate the standard deviation of the dependent 
variable about the regression line and is in the units of the dependent 
variable. Smaller SEE values for an equation indicate better reliability. 
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The MINITAB software used in the analyses provides the values of R-squared, T-ratio, 


and SEE in addition to the regression equation. 


4.2.2 Regression Assumptions - The primary assumption used throughout the 
analysis of the pavement categories is that the PCI rating at construction or surface 
treatment is equal to 100%. This therefore facilitated the use of PCI = 100 at AGE = 0 for 
each set of data points used to describe overall pavement condition. The assumption was 
also used with the individual runway data when developing single regression equations. 
The assumption was applied to new construction, reconstruction, AC overlays, and also to 
slurry seals for this study. In the case of slurry seals, evaluations were conducted for both 
cases, with the first category evaluated as stated above, and the second assuming PCI was 
not equal to 100% at AGE = 0. From the analysis it was evident that the latter assumption 


was more realistic. 


4.2.3 Regression Equation Development - The above stated assumption is 
instrumental as it provided a third data point in the case of individual runway model or 
equation development. and an initial data point for each pavement category. In the case of 
the initial study conducted by Weisenberger [1], an evaluation of the data without the initial 
data point of PCI = 100 and AGE = 0 in various models, revealed essentially the same 
equation results with slight differences in the R-squared, T-ratio and PCI (y) intercept. 
This assumption, however, could be criticized as it implies perfection at the outset or upon 
corrective applications. This is especially inconsistent in the case of seal coat applications 
because of the range of quality applications and materials in the field. The data to some 
extent illustrates this point with some runways already in "fair" and "good" shape after only 
a year, whereas a few are in "very good" and "excellent" shape after seven and up to twelve 


years. 
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The critical decision in conducting the analysis was the choice between the use of the 
polynomial regression and exponential regression relationships outlined in section 4.2.1. 
The same process of selection of powers for the best curve fit was applied in the use of 
polynomial equations with the Microsoft Cricket Graph software. This procedure provided 
a somewhat comparable curve to the normal expected representation of a pavement's 


performance. 


The data was compared from both standpoints in that exponential regression modeling was 
accomplished using the MINITAB software and polynomial regression modeling was done 
with Cricket Graph. Comparisons and an assessment of each set of findings will be 
discussed in each category. The Cricket Graph software did not however provide T-ratio 
and SEE values for comparison with the MINITAB analyses. In addition, during the 
course of analysis certain data point "sets", two PCI survey readings for a runway, were 
intentionally omitted when presenting the final plot of the best fit curve. This was done in 
cases where the set provided a significant influence on the outcome of the regression 
model. In these cases unreported maintenance on the runway surface, construction quality, 
or poor materials used could have influenced the PCI results for the corresponding AGE of 
the pavement. The data is shown on the graph but when the "best" representative curve 
was Selected, the high influence data or sets of points which did not appear to be indicative 
of normal pavement behavior, did not determine the model outcome. It will be very evident 


from the illustrations which data points were omitted in the development of the final model. 


4.3 REGRESSION ANALYSIS AND RESULTS 


The following sections provide the results and accompanying pertinent assumptions or 
modifications relative to the category being analyzed The regression equation listed is per 


the procedure listed in the preceding section. Where data points have been intentionally 
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omitted, special graph points will be shown to distinguish them from the points used for 
the final equation. The category sequence is as presented in Chapter Three and is restated 


here for quick reference. 


Flexible pavements ranging from AC surface course original construction to bituminous 
surface treatments were evaluated for this report. Slurry seals were the only surface 
maintenance applications analyzed and for ngid pavements, portland cement concrete was 


the only runway of choice. Below is the category arrangement for the pavement sections: 


a) Flexible Pavements 4.3.1 
b) AC Overlays 4.3.2 
c) Bituminous Surface Treatments 4.3.3 
d) Slurry Seal Surface Treatments 4.3.4 


e) Portland Cement Concrete 4.3.5 


4.3.1 Flexible Pavements - The data for flexible pavements was separated into 
four categories for performance evaluation using regression analysis. Three of the four 
were based on thickness, and the fourth was restricted to World War Two (WWII) 
pavement analysis. Two categories were used in evaluating flexible pavement LIFE, 


WWII constructed runways and post WWII runways. 


4.3.1.1 Regression Models - Tables 4-1а through 4-1d list the regression analysis 


results obtained for the flexible pavement categories evaluated in this section. 
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TABLE 4-la Regression equations for flexible pavement structural sections consisting 
of 2 - 3 inches AC on 6 - 8 inches of base. 


(1) 


(With "high influence points") 


WASHINGTON OREGON 
PCI = 99.1 - 2.14(AGE) PCI = 91.5 - 0.361(AGE) 
t-ratio = 2.78 t-ratio = 2.73 
R-sq = 34.0% R-sq = 51.6% 
SEE = 19.2 SEE = 5.89 
Ne 17 М-9 
COMBINED CRICKET GRAPH RESULTS 
PCI = 82.0 - 0.486(AGE) PCI = 99.11 - 2.14(AGE) WA 
t-ratio = 1.13 R-sq = 34.0% N = 17 
R-sq = 5.3% 
SEE = 20.01 PCI = 91.48 - 0. P OR 
N 225 R-sq = 51.6% N=9 
PCI = 83.07 - 0.583(AGE) Comb. 
R-sq = 8.5% 
Note: "N" is the number of data points used. 
(2) 
(Without "high influence points”) 
WASHINGTON OREGON 
2 
PCI = 91.7 - .072(AGE) Same 
t-ratio = 3.84 
R-sq = 53.1% 
SEE = 11.2 
№ = 15 
COMBINED CRICKET GRAPH RESULTS 
PCI = 99.2 - 1.99(AGE) PCI = 99.83 - 1.78(AGE) WA 
t-ratio = 2.57 R-sq = 54.9% 
R-sq = 28% 
SEE = 19.65 PCI = 97.9 - 2.07(AGE) Combined 
m= 21 R-sq = 40.8% 





High Influence Point - HIP 
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2-3" AC on 6-8" Base 
(WA Pavements) 


y = 99.827 - 1.7842x 
R^2 = 0.549 
For Simple St Line w/o HIP 


PCI (%) 


B у = 101.39 - 3.7992х + 0.24413х^2 - 7.2720e-3x^3 
К^2 = 0.574 
w/o HIP 





0 10 20 30 40 50 


AGE (years) 
Figure 4-la WA PCI vs AGE For 8 Runways 
Showing Plots Without High Influence Pts 


2-3"AC on 6-8"Base 
(OR Pavements) 


y = 91.486 - 0.36065x 
R42 = 0.516 
For Simple St Line Fit 


PCI (%) 





0 10 20 30 40 50 60 


AGE (years) 
Figure 4-1b OR PCI vs AGE For 4 Runways 





РСТ (%) 


10 


2-3" AC on 6-8" Base 
All Pavements 


y 2 97.897 - 2.0742x 
R^2 z 0.408 
w/o HIP 





20 40 


30 
AGE (years) 
Figure 4-1c Combined PCI vs AGE 
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TABLE 4-1b Regression equations for flexible pavement structural sections consisting of 


2 - 3 inches AC on greater than 8 inches of base/subbase. 


(1) 





(With HIP's) 


WASHINGTON 

PCI = 96.4 - 0.853(AGE) 
t-ratio = 1.82 

R-sq = 20.3% 

SEE = 11.87 

N=15 


COMBINED 

PCI = 96.1 - 0.838(AGE) 
t-ratio = 2.45 

R-sq = 26.1% 

SEE = 10.39 

М = 19 


Note: "N" is number of data points used. 
(2) 


(Without HIP's) 


WASHINGTON 


2 
PCI = 91.1 - .036(AGE) 
t-ratio = 1.9 
R-sq = 24.7 
SEE = 11.81 
N= 13 


COMBINED 


PCI = 93.6 - 0.19(AGE) ” 
t-ratio = 2.78 

R-sq = 34% 

SEE = 10.04 

= 17 


ОКЕСОМ 

PCI = 98.1 - 1.47(AGE) 
t-ratio = 4.15 

R-sq = 85.2% 

SEE = 71 

N=5 


CRICKET GRAPH RESULTS 
PCI = 96.4 - 0.853(AGE) WA 
R-sq = 20.3% 


PCI = 98.1 - 1.47(AGE) OR 
R-sq = 85.2% 


PCI = 96.1 - 0.838(AGE) Combined 
В-за = 26.1% 


OREGON 


Same 


CRICKET GRAPH RESULTS 


See Polynomial Fit Fig. 4-2a of WA 
For Equation R-sq = 28.2% 


See Fig 4-2c For Combined Fit 
& Equation R-sq = 36% 
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2-3"AC on >8" Base 
(WA Pavements) 


y = 96.411 - 0.85259x 
R^2 z 0.203 
For Simple St Line Fit 


у = 97.519 - 2.1395х + 0.14005х^2 - 4.1703e-3x^3 
К^2 = 0.282 


খে (%) w/o HIP 


y = 97.223 - 2.5175x  0.24338x^2 - 8.1044e-3x43 ——> 
RA2 = 0.254 





0 10 20 30 40 
AGE (years) 
Figure 4-2a WA PCI vs AGE For 7 Runways 
Shown With & Without High Influence Pts 


2-3"AC on >8"Base 
(OR Pavements) 


CI (%) 


y = 98.138 - 1.4741x 
R^2 z 0.852 
For Simple St Line Fit 





0 5 10 15 20 25 
AGE (years) 
Figure 4-2b OR PCI vs AGE For 2 Runways 





2-3"AC on >8" Base 
All Pavements 


100 


For Simple St. Line Fit 
y = 96.140 - 0.83842x 





^2 = 
E R^2 = 0.261 
60 
PCI (%) 
40 
у = 97.498 - 1.9939х + 0.12299х^2 - 3.6903е-3х^3 
20 R42 = 0.360 
w/o HIP 
0 
0 10 20 30 40 
AGE (years) 


Figure 4-2c Combined PCI vs AGE 





TABLE 4-1c Regression equations for flexible pavement structural sections consisting of 
greater than 3 inches AC on any base/subbase. 


(1) 


(With HIP's) 
WASHINGTON OREGON 
1.5 
PCI = 99.8 - 0.31(AGE) 92.7 - 0.05(AGE) 
t-ratio = 7.65 t-ratio = 0.26 
R-sq = 92.1% R-sq = 2.1% 
SEE = 3.05 SEE = 5.88 
N=7 N=5 
COMBINED CRICKET GRAPH RESULTS 
PCI = 89.9 - 0.31(AGE) See Polynomial Fit Fig 4-3a of WA 
t-ratio = 1.10 For Equation R-sq = 92.3% 
R-sq = 11.9% 
SEE = 8.92 
I 


(2) 


(Without HIP’s) 


COMBINED OREGON 
2 
PCI = 94.0 - .054(AGE) PCI = 97.7 - 2.14(AGE) 
t-ratio = 6.39 t-ratio = 2.17 
R-sq = 85.4% R-sq = 82.4% 
SEE = 3.813 SEE = 4.276 
N=9 N=3 


CRICKET GRAPH RESULTS 
2 -2 3 
РСТ = 98.8 - 4.2(АСЕ) + 0.4(АСЕ) - 1.3е (AGE) 


R-sq = 93.1% 
М-9 


সর 


52 





Greater Than 3"AC On Any Base/Subbase 
(WA Pavements) 


у = 99.824 -.0.62928х - 3.7755е-2х^2 
R42 = 0.923 


'CI (96) 





0 10 20 30 40 50 
AGE (years) 
Figure 4-3a WA PCI vs AGE For 3 Runways 


Greater Than 3"AC On Any Base/Subbase 
(OR Pavements) 


y 2 92.676 - 5.1234e-2x 
R^2 = 0.021 
For St Line Incl HIP 


y = 97.714 - 2.1429x 
CI (%) RA2 = 0.824 


For Simple St Line Fit w/o HIP 





0 10 20 30 40 
AGE (years) 
Figure 4-3b OR PCI vs AGE For 2 Runways 





100 


80 


60 


XCI (96) 


40 


20 


Greater Than 3"AC On Any Base/Subbase 
All Pavements 


у = 98.824 - 4.1619х + 0.39705х^2 - 1.2812е-2х^3 
В^2 = 0.931 





10 20 30 40 
AGE (years) 
Figure 4-3c Combined PCI vs AGE w/o HIP 





TABLE 4-1d Regression equations for flexible pavements less than 3 inches AC on 6 - 8 
inches of base/subbase built during World War Two 


WASHINGTON CRICKET GRAPH RESULTS 
2 
PCI = 100 - 0.0234(AGE) See Polynomial Fit Fig 4-4 
t-ratio = 4.82 For Equation 
R-sq = 72.1% R-sq = 72.1% 
SEE = 9.875 N=11 
N= 11 
4.3.1.2 Survival Statistics - Pavement LIFE was estimated by taking the 


difference between the pavement’s original construction date and the date the pavement 
received the first maintenance application. This assumes the pavement received a surface 
application due to necessity and not due to other non-structural requirements. The 
estimated reduction in PCI, rate per year loss, was based on assuming that resurfacing 
occurred at approximately 55% PCI. The loss is therefore considered to 45% PCI divided 
by the average LIFE of the pavement section. This assumption also indicates that PCI at 
construction was 100%. The runway information was divided into the two AC thickness 
categories shown as compared to three categories previously studied under the first PCI 


analysis report. 


Table 4-le shows the characteristics for pavement LIFE for those runways constructed 
after WWII. Refer to Table 3-le for the individual pavement information and the 
corresponding corrective measure applied. Table 4-1g depicts those pavements constructed 
during WWII and the related findings. Refer to Table 3-1f for corresponding individual 


runway information. 
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WWII Runways <3"AC on 6-8" Base 


y = 100.83 - 1.0820x 
RA2 = 0.709 
For Simple St Line Fit 


PCI (%) 


у = 100.02 - 2.9959е-2х - 2.2748е-2х^2 
В^2 = 0.721 
Polynomial Fit 





0 10 20 30 40 50 60 70 
AGE (years) 
Figure 4-4 WA PCI vs AGE For 5 Runways 





TABLE 4-le Pavement LIFE characteristics for AC pavements constructed after WWII 
with categories for greater than and less than 3 inches AC. 


2k 2k 2k 2k 2k ok ak ak le ad ok 2k 2k 2k ok ok ok ade de aj od de al aj ole ade ae e de de al ode ale de de dede ad ol ic ok ok ik oi ole ak ok ok 


Less than 3 inches 
Average LIFE = 14.3 years 
Shortest LIFE = 4.0 years 
Longest LIFE = 37 years 
Avg. PCI LOSS = 3.0% per year 
Standard Deviation = О» 
М = 23 
3 inches or greater 
Average LIFE = 14.9 years 
Shortest LIFE = 3.0 years 
Longest LIFE = 37.0 years 
Avg PCI LOSS = 3.0% per year 
Standard Deviation = 10.5 
М = 8 


AR dd ad ole dad a ad a dl dae dle ad ae dde de ode ale dl ad ad o k k k k k kk k kk 


Note: "N" represents the number of runway pavements in Tables 4-1e, 4-1f, and 4-1g. 
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TABLE 4-1f Pavement LIFE characteristics for AC pavements constructed after WWII 


with varying AC thicknesses. Weisenberger [1] results of 1988 


A al de al ode a al ade ale ade ade ode ade ale ale ae ale ade ale ade ad ale ade ale al ade সু ade a ale ade ale ade ade ale ade ak k ak সুত সু সুত সুত সু সুত সুত সুত সুৰ 


1/2 inch to 1 1/2 inches 


Average LIFE 
Shortest LIFE 
Longest LIFE 
Avg. PCILOSS 
Standard Deviation 
N 


2 inches to 2 1/2 inches 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


3 inches or more 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


11.7 years 
3.0 years 

19 years 
3.8% per year 
6.24 

7 


13.0 years 
4.0 years 
35.0 years 
3.5% per year 
8.88 

13 


14.0 years 
10.0 years 
18.0 years 
3.2% per year 
3.78 

5 


ANA A A al ade ade al ade a ad od ad od সুৎ সুত সৎ সুত সৎ সূত al ade a ade a ale ale ade ale ade ae al সুত সুত ale ade ae k k k ale k k k 





TABLE 4-1g Pavement LIFE characteristics for AC pavements constructed during WWII 


with categories for greater than and less than 3 inches AC. 
(Washington and Oregon only) 


AR a a a ad a de RR al a ode dde a de de de সৎ সৎ সৎ সৎ সৎ সৎ সৎ সৎ সৎ সৎ সৎ সৎ k k k kK k k k k k k ok ok ok ok ok 


Less than 3 inches 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


3 inches or greater 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


35.0 years 
21.0 years 
43.0 years 
1.28% per year 
59 


33 


30.2 years 
9.0 years 
41.0 years 
1.5% per year 
8.7 


9 


ЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖ ЖЖ ok i og i ЖЖ ЖЖ ЖЖ a ad a ad al a ad ak ad ad ad a ak ad ad ak ak ak 


Weisenberger [1] results of 1988 for WA, OR, and ID. 


ЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖ ЖЖ ЖЖ al ad al o al af al ad al af al ad a ad al ade a ok al ad al al ak al a ak 2k 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


27.4 years 
9.0 years 
43.0 years 
1.6% per year 
1 (27 
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4.3.2 AC Overlays - This category of pavements was evaluated as one group 
instead of dividing the group in different sections. The primary reason for this choice is 
that most of the overlay sections consisted of 2-inch surface courses. The FAA AC 
150/5380-6 [4] also indicates that varying AC pavement thicknesses, unless significant, do 


not normally have a sizable impact on PCI ratings if the overlay is not a thin layer. 


4.3.2.1 Regression Models - It was not readily apparent from the models listed 
and depicted on the following pages how well these findings compared to the first PCI 
analysis report completed by Weisenberger [1], as the latter evaluated results using straight 
line plots only. The straight line plots for Washington and Oregon in this analysis did not 
compare favorably with those of the first report. There are significant differences in R- 
squared and SEE values, (confidence and estimate error values, respectively) with the 
findings of this report being less favorable, 1.e. lower values computed than previously. 
The exponential and polynomial applications to the data, without high influence points, 


produced better results in terms of expected theoretical representations. 


4.3.2.2 Survival Statistics - LIFE computations were the same as those found in 


Weisenberger's [1] study as none of the pavements have received treatment since then. 


TABLE 4-2a Pavement LIFE characteristics for AC overlays with 2 to 4inches AC - 
Weisenberger [1]. 


AR a a do dd ale ode al ode ad ode ode a k k k k k k k k k k k k k k k k k k k k k k k k k k 


Average LIFE = 11.6 years 
Shortest LIFE = 8.0 years 
Longest LIFE = 16.0 years 
Avg PCI LOSS = 3.9% per year 
Standard Deviation = 2.63 

М = 7 


ЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЕ ЖЖ 
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TABLE 4-2b Regression equations for flexible pavement structural sections consisting of 
AC overlays ranging from 3/4 to 3 inches on any base/subbase. 


(1) 


(With HIP's) 
WASHINGTON OREGON 
PCI = 93.2 - 1.23(AGE) PCI = 92.4 - 1.17(AGE) 
t-ratio = 3.1 t-ratio = 2.44 
R-sq = 29.5% R-sq = 35.1% 
SEE = 10.01 SEE = 6.99 
М = 25 М = 13 
COMBINED CRICKET GRAPH RESULTS 
PCI = 90.8 - 1.03(AGE) PCI = 93.25 - 1.23(AGE) WA 
t-ratio = 3.17 R-sq = 29.5% М = 25 
R-sq = 23.3% 
SEE = 9.32 PCI - 92.4 - 1.17(AGE) OR 
N = 37 R-sq = 35.1% М = 13 
(2) 
(Without HIP’s) 
WASHINGTON OREGON 
1.5 125 
PCI = 92.2 - 0.453(AGE) PCI = 92.5 - 0.5(AGE) 
t-ratio = 5.79 t-ratio = 3.08 
R-sq = 66.4% R-sq = 51.3% 
SEE = 7.3 SEE = 6.65 
N=19 N=11 
COMBINED CRICKET GRAPH RESULTS 
1.5 
PCI = 91.3 - 0.44(AGE) PCI = 91.75 - 1.11(AGE) 
T-ratio = 6.84 
R-sq = 63.4% See Fig 4-5c For Polynomial Fit 
SEE = 6.78 R-sq = 48.3% (3 HIP’s omitted) 
N= 31 N = 34 








AC Overlays 
(WA Pavements) 


y = 93.248 - 1.2309x 
RA2 = 0.295 
For Simple St Line Fit 


PCI (%) | 


у = 95.919 - 1.9556х 
RA2 = 0.714 
w/o HIP 





0 5 10 15 20 25 
AGE (years) 


Figure 4-Sa WA PCI vs AGE For 12 Runways 


AC Overlays 
(OR Pavements) 


y = 92.409 - 1.1664x 
R42 = 0.351 
For Sımple St Line Fit 


PCI (%) 


y 2 94.603 - 1.7176x - 6.4668e-3x^2 
R^2 z 0.535 
w/o HIP 





AGE (years) 
Figure 4-5b OR PCI vs AGE For 6 Runways 





AC Overlays 
All Pavements 


For Simple St. Line Fit 
y = 91.748 - 1.1120x 
RA2 = 0.258 


IET (70) 


у = 95.621 - 2.3458х + 8.9848е-2х^2 - 2.6619е-3х^3 
RA2 = 0.483 





0 10 20 30 40 
AGE (years) 


Figure 4-5c Combined PCI vs AGE w/o HIP 





4.3.3 Bituminous Surface Treatments - The data compiled for bituminous 
pavements provided what was interpreted as two possible trends of pavement performance. 
As aresult of this observation, it was decided to examine the two separate trend categories 
and compare the findings. As stated in Chapter Three, an attempt was not made to evaluate 


BST’s based on the number of treatments or the make-up of the BST surface course. 


The results listed and depicted could not be compared with the first PCI analysis report as 
the models/equations developed in this category were accomplished with non-linear 
applications. The separation into upper and lower divisions of data provided excellent 
results particularly in the case of the upper division data points. The lower points points 
yielded less favorable results, but were not totally unacceptable. Segregation of the data 
points would pose a problem from an individual runway standpoint however, as a 
determination would have to be made as to which of the two models would apply to the 
individual situation. The combined model provides low confidence results, therefore it 
would seem prudent to select one of the two “partition” models to compare with the 


individual pavement. 
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TABLE 4-3a Regression equations for flexible pavement structural sections consisting of 
bituminous surface treatments on any base/subbase. Data is categorized in 


(1) 





(2) 





“upper” and “lower” portions based on interpreted trends in the data with 


respect to various runways. 


WASHINGTON(upper) 


2:5 
PCI = 97.0 - .07 (AGE) 
t-ratio = 22.87 
R-sq = 99.1% 
SEE = 2.61 
N= 7 


WASHINGTON (lower) 
PCI = 86.2 - 6.91(AGE) 


К-54 = 71.8% 
N =11 


COMBINED(upper) 


PCI = 95.5 - 0.175(AGE) 
T-ratio = 9.71 

R-sq = 93.1% 

SEE = 5.97 

N= 9 


COMBINED(lower) 


Same as “Washington (lower)” 


OREGON 


PCI = 99.0 - 2.0(AGE) 
t-ratio = 4.62 

R-sq = 95.5% 

SEE = 374 

N= 3 


COMBINED 


1.5 
PCI = 78.8 - 0.49(AGE) 
t-ratio = 1.93 
R-sq = 18.0% 
SEE = 18.59 
N = 19 


CRICKET GRAPH RESULTS 


See Fig 4-6a For Polynomial Fit WA 
R-sq = 98.8% 


See Fig 4-6b for St. Line Fit For OR 
R-sq = 95.5% 


Same as “Washington (lower)” 
See Fig 4-6c For Combined Plots 





Bituminous Surface Treatments 
(WA Pavements) 


у = 97.545 + 0.54267х - 0.31218х^2 
RA2 = 0.988 
For Upper Data Portion 





PCI (%) 
y = 87.756 - 6.9004x 
RA2 = 0.706 
For Lower Data Portion 
0 5 10 15 20 
AGE (years) 
Figure 4-6a WA PCI vs AGE For 8 Runways 
Data is "Partitioned" in Two Categories 
Bituminous Surface Treatment 
(OR Pavements) 
PCI (%) y = 99.000 - 2.0000x 


RA2 = 0.955 
For Simple St Line Fit 





0 5 10 15 20 = 25 
AGE (years) 


Figure 4-6b OR PCI vs AGE For 1 Runway 





Bituminous Surface Treatments 
All Pavements 


y = 82.269 - 2.3143x 
RA2 = 0.230 
Overall St Line 


Las 
у = 102.44 - 9.9079х + 1.5231х^2 - 7.7662е-2х^3 
R^2 = 0.776 


CI (%) 


y = 86.153 - 6.9127x 
RA2 = 0.718 





0 5 10 15 20 
AGE (years) 


Figure 4-6c Combined PCI vs AGE With 
Data "Partitioned" in Two Categories 





TABLE 4-3b Pavement LIFE characteristics for pavements with bituminous surface 
treatments. 


xk sk ok ok ok ok ok ok ok ok ok ok ke HE ЖЖ ЖЖ ЖЖ ok ok ok ok ok ok ok ale ale ade ade aj ale ale ale ale ade ade সত সত সুত সুত 


Average LIFE = 14.4 years —— 
Shortest LIFE = 11.0 years 
Longest LIFE - 17.0 years 
Avg PCI LOSS = 3.125% per year 
Standard Deviation = 2.19 

N = 5 


sk ok ok ok ok ok ok ok ok ok ok ok ok সত সত সত সৎ সত সত সত সত সৎ সও সত সত সৎ সৎ সত সত সত সৎ সত সত সৎ সত সত সৎ সত সত সত সত সত সত সত সৎ সৎ সত সং 


The few number of runways used for the LIFE investigation portion of bituminous surface 
treatments may lessen the applicability of the findings shown above, however the findings 
are presented for reference and future analysis. The five runways evaluated were the only 
ones in this study of runways with two sets of PCI surveys where a subsequent surface 


treatment had been applied to the previous bituminous surface course. 
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TABLE 4-3c 


Pavement LIFE characteristics for pavements with bituminous surface 


treatments with BST and DBST categories - Weisenberger [1]. 


xk ok ok ok ok ok ok ok ale ole ale de al a a ae ale ale ale ae ade ale ale ae ade ale ale ae ale ale ade ade ale ale ade ale ale ale ade ale ale ade ale ae ade ale aja ale 


All data points 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


BST applications 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


DBST applications 


Average LIFE 

Shortest LIFE 

Longest LIFE 

Avg PCI LOSS 

Standard Deviation 
N 


years 
year 

0 years 

% per year 
.4 

2 


2 
0 
9: 
9 


NA ১১ ৮১১ ৮১ ০ 


8.8 years 
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4.3.4 Surface Maintenance Applications and Techniques - Chapter Three 
indicated the evaluation of only slurry seals in this report since this technique was the only 
one common to runways with two sets of PCI surveys. As in the case of BST's, two 
categories were observed in Washington pavements. The two were evaluated and are 
presented in Table 4-4b and Figures 4-7a through 4-7c. The graphic plot in Figure 4-7c of 
the combined data points is a polynomial equation but as evidenced by the plot of the 
equation, the curve shows a slight upward trend between approximately five and twelve 
years. This portion of the curve is therefore not a good depiction of real life pavement 
performance especially in the case of slurry seals. The combined regression models, with 
and without high influence points, do not provide reliable models for application to 
individual pavements. These findings are attributable to data that one would normally 
expect to gather on slurry seal surfaces. Construction methods and materials are critical to 
the finished product. In addition, the assumption of using PCI = 100% at AGE = 0 is 
probably not a good one, as slurry seal surface treatments apparently do not result in a PCI 
rating of 100% at AGE = 0. Pavement LIFE results from the Weisenberger [1] report are 
listed below. 


TABLE 4-44 Pavement LIFE characteristics for slurry seal pavements. 
Weisenberger [1] 


Ak ok ok ok ok ok ok ok ok ok ck alo ode af ad ale ale ae ode ae ole ae ale ae ade ad ale ad k a ale ak ale ak সুত সুত ale ade ale ale ale ale ale a ole ale o 


Average LIFE = 5.6 years 
Shortest LIFE = 3.0 years 
Longest LIFE = 10.0 years 
Avg PCI LOSS - 8.0% рег уеаг 
Standard Deviation = 2.99 

N = 6 


A ada a al ak al ad ade ale ade ale সুত সূত সৎ সুত সুত সত সৎ সৎ সৎ ফু ade a ad ad ade ad ad ale ale ode lol ale a সৎ সৎ সৎ সুত সৎ সৎ সত সং সং সু 
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TABLE 4-4b Regression equations for flexible pavement structural sections with slurry 
seal surface maintenance applications. Washington pavements were again 
segregated into two sections, with the upper portion addressed in this table. 





WASHINGTON* OREGON 
1.5 1.5 
PCI = 87.3 - 0.42(AGE) PCI = 79.9 - 1.37(AGE) 
t-ratio = 7.3 t-ratio = 1.69 
R-sq = 85.5% R-sq = 36.4% 
SEE = 6.35 SEE = 12.17 
N = 11(upper) N=7 
COMBINED(w/HIP) CRICKET GRAPH RESULTS 
1.5 
PCI = 72.6 - 0.2(AGE) See Fig 4-7a For Curve Fits WA 
t-ratio = 2.15 R-sq = 87% For Polynomial Fit 
R-sq = 18% 
SEE = 13.11 See Fig 4-7b For St. Line Fit OR 
М = 23 R-sq = 46.5% 


COMBINED(w/o HIP) 


PCI = 71.9 - 0.23(AGE) > 
t-ratio = 2.59 

R-sq = 26.1% 

SEE = 12.33 

N = 20 


* Note: The analysis did not include PCI = 100 at AGE = 0. See Appendix D for 
MINITAB printouts of both cases. 
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Slurry Seal Surface Treatments 
(WA Pavements) 


y = 79.078 - 1.2300x 
RA2 = 0.244 


St Line Fit For All Points 


PCI (%) | 





у = 78.280 - 4.7200х у = 81.823 - 0.24657х - 6.3220е-2х^2 
R^2 = 0.983 В^2 = 0.870 
Lower Data Points Upper Data Points w/o HIP 
0 10 20 30 
AGE (years) 


Figure 4-7a WA PCI vs AGE For 8 Runways 
w/Data "Partitioned" in Two Categories 


Slurry Seal Surface Treatments 
(OR Pavements) 


y = 82.967 - 3.9385x 
RA2 = 0.465 
For Simple St Line Fit 


121 (96) 





0 2 4 6 8 10 12 14 


AGE (years) 
Figure 4-7b OR PCI vs AGE For 3 Runways 





Slurry Seal Surface Treatments 
All Pavements 





y = 71.445 - 0.92012x 
R^2 = 0.244 


Simple St Line Fit w/o HIP 
PCI (%) E 


8 Unrealistic portion 


у = 77.807 - 4.8938х + 0.52301х^2 - 1.7105е-2х^3 





0 10 20 30 40 
AGE (years) 


Figure 4-7c Combined PCI vs AGE w/o HIP 





4.3.5 Portland Cement Concrete (PCC) Pavements - Eight rigid PCC pavements 
with sixteen data points as individually listed in section 3.5.5 were analyzed. The lone 
pavement that was not constructed during WWII is Condon State airport in Oregon. This 
runway is apparently deteriorating at an overall rapid rate of 4.5% PCI per year, more than 
four times that of the Washington pavements, as evidenced by the slope of the straight 
lines. The small R-squared and high SEE values for the Washington and Combined 
categories preclude these models from being used in a reliable fashion. In the first PCI 
analysis report, virtually the same model equation was obtained, however, the model did 
not include PCI = 100 at AGE = 0. When this point was included, the model yielded a 
second equation with an R-squared (adj) value of 71.3% and a SEE value of 12.97, 
compared to the values listed in Table 4-6 below. 


There were two significant groups of runway PCI results for Washington, with four of the 
seven runways in one group and three in another. No reasonable explanation for the two 
groupings could be determined from individual files on the respective pavements. All 


upper points were above PCI = 67%, and all lower points were below PCI = 47%. 
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TABLE 4-5 Regression equations for portland cement concrete pavements. 





WASHINGTON OREGON 

PCI = 99.5 - 0.88(AGE) PCI = 99.2 - 4.29(AGE) 

t-ratio = 1.69 t-ratio = 12.99 

R-sq = 18.0% R-sq = 99.4% 

SEE = 23.51 SEE = 1.234 

N=15 N=3 

COMBINED CRICKET GRAPH RESULTS 
PCI = 92.4 - 0.73(AGE) See Fig 4-8a through 4-8c For Plots 
t-ratio = 2.29 All St. Line Plots Same as MINITAB 
R-sq = 25.9% 

SEE = 22.15 

17 
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11 (%) 


ГІ (%) 








Portland Cement Concrete 
(WA Pavements) 


y = 100.74 - 0.50441x 
RA2 = 0.589 
Upper Portion 


y = 99.507 - 0.88393x 
В^2 = 0.180 
For Simple St Line Fit 


y = 100.40 - 1.4572x 
К^2 = 0.943 
Lower Portion 


10 20 30 40 50 60 
AGE (years) 
Figure 4-8a WA PCI vs AGE For 7 Runways 


Portland Cement Concrete 
(OR Pavements) 


y = 99.238 - 4.2857x 
В^2 = 0.994 
For Simple St Line Fit 


5 10 15 20 23 
AGE (years) 
Figure 4-8b OR PCI vs AGE For 1 Runway 





CI (96) 


Portland Cement Concrete 
All Pavements 


y = 92.403 - 0.73084x 


В^2 = 0.259 





20 30 40 50 60 
AGE (years) 


Figure 4-8c Combined PCI vs AGE All Points 





4.4 DISCUSSION 


4.4.1 Deterioration Rate Comparisons - No distinct trend of better performance 
was observed throughout the analysis with the exception of PCC pavements in section 
4.3.5. The inclusion or exclusion of high influence points made a significant difference in 
several cases in terms of the model fit of the data. The lack, or inconsistency, of data is a 
possible reason, but there could also be no one factor attributable to a trend or lack thereof. 
In some cases Washington pavements performed better than Oregon’s, and in other cases 
worse. The amount of data heavily favored the evaluation of Washington pavements, 
however this fact works both in favor and against when attempting to assess trends. As 
mentioned previously, factors to consider in evaluating disparity in the data include 
construction method and materials, however, other factors to be considered are: 
environment, aircraft loading, survey inspector, and survey consistency. Deterioration 
rates were more noticeable between surface applications with the most significant decreases 
in bituminous surface treatments and slurry seals. In addition, pavement LIFE 
comparisons for flexible pavements did not reveal any significant differences with respect 


to surface course thickness. 


4.4.2 Surface Maintenance Techniques - A survey of the PCI and AGE data of 
surface maintenance applications reveals that these applications are being primarily used to 
extend the individual pavement life. The PCI surveys conducted after maintenance 
treatment of the surface courses reveal only slight increases in pavement ratings. The 
corrective measures are not sufficient to overcome whatever deficiencies are present in the 
underlying pavement or restore the respective pavements to near original condition. In 
addition, the LIFE calculations determined by Weisenberger [1] for AC overlays, BST's, 


and slurry seals indicate shorter average life spans than those obtained from the analysis 


conducted in this report. 
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4.4.3 Exponential vs Poynomial Modeling - This comparison was addressed to 
some extent earlier in this chapter. The polynomial models developed for several of the 
categories would seem to encourage the use of exponential models due to the lesser 
complexity. Several "reliable" models, based on the available data, were developed using 
the exponential approach of MINITAB, while for the most part polynomial fits were used 
in the case of graphic depictions. The data also "suggests" that straight line fits were 
adequate in certain cases. In all cases, however, the R-squared element for polynomials 
was near or the same value as that developed for the exponential. The exponential method, 
PCI = Bo + B,(AGE) , is the preferred method for simplicity and usage by pavement 


managers. 


4.4.4 PCI Acceptable Limits - The use of 55% PCI as the minimum acceptable 
PCI rating for pavement repair or rehabilitation is questionable due to the possible 
implications on survivability of individual pavements. The FAA actually recommends the 
use of 70% for considering a pavement unusable and in need of maintenance. If this 
figure is used, the LIFE of many pavements can be reduced by as much as a half, which 


would seem to be more realistic. 
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CHAPTER FIVE 


SUMMARY, CONCLUSIONS, & RECOMMENDATIONS 


5.1 SUMMARY 


The intent of this paper was to develop models or equations that would be useful to an 
airport manager or planner in the application of their respective pavement management 
systems. The regression equations and graphic depictions were developed using select 
data. The applicability of this data and the corresponding models to a vast number of 
airfield pavements is obviously restrictive due to the number of data points available. This 
report, however, is another step towards better models developed from more data, which 
will be obtained from more PCI surveys. The models included in this report can be used as 
a guideline for interpreting individual pavements or as a comparison tool if the trend of an 
individual pavement does not "match" the performance of that particular pavement. In 
essence, as the database increases due to reports such as this so will the available models 
that will become available to planners and managers. These models will in turn assist 


airport professionals in maintenance and budget planning. 


As more information is gathered the need for even more to strengthen the results obtained, 
and conclusions drawn, is evident. Comparisons, where possible, between this report and 
the first PCI analysis indicate that the models yielded some of the same results. However, 
due to this report's emphasis on curvilinear representations of a pavement's performance, 
full comparisons of results could not be adequately accomplished. The representation of a 


pavement's performance as a straight line is not an overall correct depiction. Individual 
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portions of a performance curve may be shown as straight lines, but the full performance 
plot needs to be shown as acurve. This therefore further amplifies the need for additional 


information to reinforce the exponential and polynomial models presented in this report. 


The FAA continues to conduct PCI surveys but the process is slow due to the number of 
general aviation airports in the region, and the time associated with accomplishing each. 
This report only addressed 202 of the 240 runways discussed in the first analysis, of which 
over 100 have second sets of PCI surveys. However, only 78 runways showed PCI's 
lower than previously, indicating maintenance or corrective applications and/or inconsistent 
surveys. The state of Idaho has yet to commence it's second set of PCI surveys to 


compare the results obtained from those accomplished in 1986 


5.2 CONCLUSIONS 


As just stated, the regression models and pavement life results obtained from the data 
analyzed provide approximate depictions of various pavements' performance. With an 
understanding of the limitations of the developed models, an individual can use the results 


of these equations and graphs as a tool to assist in the pavement management arena. 


As is normally the case, budgets dictate the route of pavement maintenance and repair. 
Discussions with some airport managers and WSDOT indicates that the PCI information is 
a valuable asset to an airport planner, but cost considerations in replacement and corrective 
action is always the final determinant. This is readily evident from the significant number 
of runways with PCI ratings in the "poor" to "very poor" range. PCI surveys and their 
long terms effects on managing for the future of pavements need to be a continued 


management high priority item. 
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5.3 RECOMMENDATIONS 


The next step in collecting PCI data should be the use of the automated data collection. 
Although this would be a significant initial investment the cost would be recovered in time 
due to the reduced time and manpower expended in conducting these surveys. The mobile 
data collection vehicle which takes photographs of a pavement as it travels over the surface 
could be used in the tri-state area or perhaps two units could be dedicated to the Northwest 
Region of the FAA and the units shared throughout the seven states covered. This shared 
coverage would reduce the overall cost of the vehicles and a general schedule could be 
developed to ease the collection of PCI data for each state. The saved time in surveys 
would translate to quicker development of models which in turn would be available in a 


shorter time frame to the airport managers. 


The PCI scale requires a more rigid definition especially at the level of acceptability rating. 
A pavement rated as "fair", PCI = 40 -> 55%, does not give the impression of urgency 
with respect to pavement upgrade or replacement, and as such may not be given the needed 
attention from a management or planning standpoint. If the same pavement were deemed 
unacceptable, then it is anticipated that more pressure would be applied to effect an upgrade 


of the pavement. 


The development of consistent terminology in reports from the surveys is another 
significant hurdle which needs to be remedied to ease the interpretation of future surveys. 
Finally, the completeness of individual surveys needs to be improved upon with priority 


given to the reasons for maintenance or corrective actions. 
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PCI surveys are critical to an effective pavement management system, whether at a major 
metropolitan airport or a general aviation airport. It is essential that surveys continue to be 
conducted and monitored to better plan the pavements of the future and maintain the ones in 
operation today. Furthermore, it is important for the models developed to be used to 
whatever extent possible and the confidence level increased by supplementing the existing 


database with more data from follow-on surveys. 
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APPENDIX A 


WASHINGTON STATE 
GENERAL AVIATION 
PAVEMENT CONDITION SURVEY DATA 


INCLUDING: 


1) AIRPORT LOCATION/DESCRIPTION/SECTION DATA 

2) PAVEMENT IDENTIFICATION & CHARACTERISTICS 

3) AVERAGE PCI VALUES FOR PAVEMENT FEATURES 

4) PAVEMENT CONDITION SURVEY DATES 

5) AVERAGE PCI LOSS WITH AGE 

6) REPAIR AND REHABILITATION INFORMATION 

7) OTHELLO MUNICIPAL AIRPORT COMPLETE PCI SURVEY 





PCT 
AVG 


ORIG 
STRUC. 
SEC. 
SURVEY 
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APPENDIX LEGEND 
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Runway/Feature Identification Number 

Original Construction Date 

Pavement Condition Index 

Average 

Year 

Ruway Rehabilitation Date 

Original 

Structural 

Section 

PCI Inceased Value Attributed To Survey Conducted 








PCI DATA (WA) W/AVG LOSS 


No. — — AIRPORT&LOCATION | Ю | OOD |PCIAVG& YR 
Нэг D A oU | — | 1011 
1|АМАСОНТЕБАР | Я 11968 96 - 1986 | 91 - 1989 | 1.67 
[Г 11968 | 95- 1986 | 90-1989 | 1.67 
| № 11968 | 100 - 1986 | 92-1989 | 267 
2 77 - 1986 
[Г 11942] 89-1986 | 84-1989 | 2.67 
3 
EE ғ 155 90-1987 | 87-1991 | 025 
4|BLAINEMUNICIPALAP | Вї (1972 72-1988 | МА | «—. 
5 [BOWERMAN FIELD, HOQUIAM_ | Ri |1943| 77-1986 | 59-1989 6 
p — 105  , PR 11943 | 86 - 1986 | 84 - 1989 | 0.67 
[М 11943| 33- 1986 | 26-1989 | 2.33 
6 BOWERS FIELD, ELLENSBURG | H1 | 1976 | 67 - 1986 | 64-1989 7 
= (АА 11942 | 46 - 1986 | 60 - 1989 [SLURRYSL | 
ПА 2 [19421 e7- 1986 | NOP | — — 
КШ 3 119421 57- 1986 | 64 - 1989 [SURVEY | 
9 119421 54 - 1986 | 52 - 1989 | | 
7 
И н> [1942 89-1987 | 75 - 1991 | 
ЕЕ | вз [19421 86 - 1987 | 80 - 1991 | | 


| 4 [19421 88. 1987 | 83 - 1991 | 
ШШ | || | || | | | Г5| 82 - 1987 | 80 - 1991 
8 |CASHMERE - DRYDEN AP | RI | 1951] 72 - 1988 


= O 
= 

№ O) 

сл | On N 


9 
[АВ 11942] 78 - 1987 | 67-1991 | 2:75. 
10|CLEELUMMUNICIPALAP — — | Ri |1987 | 56-1988 | N/A 1 0/0. 2 
1 1 [COLVILLE MUNICIPALAR — . | Ri | 1949, 33 -1986 | 62 - 1989 |TBSTADDED | 
12|CONCRETEMUNICIPAL — — — | Ri |1974| 61-1986 | 34-1989 | 9 
13|CONNELLCITYAP — — — | Ri |1970| 69- 1987 | 79-1991 |ACOVLY — | 
14|CREST AP, KENT — — — — | Ri | 1967, 97- 1987 | 90- 1991 | 1.75 
15 DAVENPORTAP — লী |1984| 82- 1986 | 60- 1989 | 7.33 
16 РЕЕА РААКАР___ — — — | Ri |1943| 45-1986 | 76 - 1989 |??? — — 
— — — —1-R.-H1876 re. ige | T4- 1989 SURVEY — 

| | АЗ | 1943 | 47 - 1986 
1 7|ELMA MUNICIPAL AP 
18 EPHRATA MUNICIPAL 
Нэг | БА1!1943| 60-1987 | 55-1991 | 1.25 
__ | Re [1943| 53-1987 | 43-1991 
5.25 

| ReB | 1983 | 89 - 1987 | 84- 1994 | — 1.25 






19 EVERGREEN FIELD, VANCOUVER R1 


55 - 1987 | 51 - 1991 


| | | А2 | 1971 86 - 1987 | 77 - 1991 2.25] 
2 0|FERRY COUNTY (REPUBLIC) AP Ri 

21|GRANDCOULYDAMAP — — | Rt! |1972| 86-1986 | N/A |2"АС ОМУ _ 
(ELECTRIC CY) | ң2 |1980) 84-196| N/A [SURVEY 












p 





PCI DATA (WA) W/AVG LOSS 


No] AIRPORT&LOCATON — | D | OCD |PCIAVG& YR | PCI AVG & YR | AVG LOSS/YR| 
м.” — | | .. 
|  22|HARVEYFIELD(SNOHOMISH) — | Rt |1970| 64-1986 | NA | 000006 
| 23|ONEMUNCPAL | RI 11973 76-196 | 76- 1989 | 0 
ШЕШЕН Ro NA, NA 8-199 | _ 
[  24|KELSOLONGMEW — .— , Rt | 1983, 90- 1987 | 82- 199! | 2 
[|  25|KENNEWCKVISTAFIELD — | НІ | 1942| 69-1987 | NA | —«—.— | 
ШШ В (11942 68-1987 | мл (| 
|| 26|LAKE CHELAN | ВА: | К) 93-1988 | N/A | 8 — 
| 27|INDAP — .— à | Rt |1971 51-197 | 51- 1991 | 0 
|. 28|MANSHELD — | RI [1973| 35-1988 | NA | | 
29|MOSESLAKEMUNICIPALAP — | Ri |1961| 89- 1987 | 81- 1991 | 2 
MEN 121137: | 28-1987 (18-1991 207 

30 
31|OAKHARBORAIRPARK — | Н1 1969 73-198) МА | | 

32 

33|ODESSAMUNICIPAL — — | Ri | 1970, 79- 1987 | 46 - 1991 | 8.25 

Оо — | না |1970| 58- 1987 | 50- 1991 | 2 
34|OKANAGANLEGIONAP — — না 11955 76- 1987 | — N/A | 06 

35 

| 1? | 1980| 89 - 1988 | 85 - 1997 | — 1:33 
Б в 52 86 - 1988 1 84-1991 | 0.67 

36 ОМАКАР_ | R1 19431 68 - 1986 | 65 - 1989 | 1 

37|OTHELLOMUNICIPAL — — | R1 | UNK | 79 - 1987 | 74-1991 | 17:25 
Eu c NA Y N/A. | 90-199 — | 

38|PACKWOODAP 7 Ri |1975| 94- 1988 | 90- 1991 | 153 
ыга 


39 РАМОВОВМ FIELD (WENATCHEE) |_В1 | 1947 | 63 - 1988 | МА | 
ЕНЕ 1 72 j|1947| 66-1988 || NA | | 
Н ны о7 55-1988 | МА | —  — | 
E 85 11978] 90-1988 | N/A. | | 
40|PEARSON AIRPARK (VANCOUVER) | Ri |1966 | 58 -1987 | 58-1991 | 0 
ee 


| R2 |1966| 84-1987 | N/A || 

41 
42|PORTOFILWACO — — | Ri |1971| 71- 1986 | 49- 1989 | 7.33 
43|PORT OF WILLIPA HARBOR | Rı |1948] 72-1986 | 58-1989 4.67 
(RAYMOND) | R [1948| 68-1986 | 59-1989 3 
44|PROSSER — — — — — | Ri [1977| 88-1987 | мА [| 
4 5|PRU FIELD (RITZVILLE) | Ri | 1978 | 83 - 1987 | 77-1991 | — 1.5 
46|PULLMAN-MOSCOW REGIONALAP | Ri | 1948| 75 - 1986 | 70 - 1989 | 1.67 
[ао |1968 | 70 - 1986 | 48-1989 | 7.33 
po [1968 | 81 - 1986 | 68 - 1989 | 433 
47100110016 | Rt | UNK | 72-1986 
48/QUINCYMUNICIPAL R1 |1977| 72-1987 | 70-191 | 05 
O] a [1977 | 31 - 1987 NA | — 
AAA | | | 1] | | 
шаг лт cj] ^ — — | 





PCI DATA (WA) W/AVG LOSS 


[  No[| A AIRPORT&LOCATON | D | OCD |PCIAVG& YR AVG LOSS/YR 
III i O S S S 
| 49RCHAND à à à à à (1| Ri |1943| 86-1987 | NA | | 
ВЕ) 2 гг.55 84-1988 | NA | 
м |1979| 885-1987 | NA |  . 
|  50|ROSAUAMUNICIPAL — | В1 |1985] 68-1987 | 49-1991 | 4.5 
|  51|SANDCANYON(CHEWELAH) — | R! | 1974, 88-1986 | 70-1989 | 6 
| 52[SANDERSON FIELD (SHELTON) | Ri |1942| 77 - 1988 | 72 - 1991 | 167 
Шы ш . —  . ;.Ri |1972| 68-1988.] мл bL | —— — 
Шы n 70 R 7979478871988" * —N/A ООО 0 
54|SEQUIM VALLEY |Н! 1985 52 - 1988 | 42 - 1991 | 933 

55|SKAGIT REGIONAL | RI 1942 | 69 - 1986 | — N/A. | - 
— г | NA | — ——— 
_56|STORMFIELD(MORTON) লী 1970 73 - 1988 | 83 - 1991 | 167 
57 SUNNYSIDE ШИР 2 4 1987 ША ТУ | 

58 TACOMA NARROWS | Rt | UNK | 84- 1987 | 83 - 1991 | 0:25 


| R2 | UNK | 82- 1987 | 81- 1991 | — 0.25 

.59.WALLA WALLA CITYCOUNTY AP | Ri | 1942 | 81 - 1987 | | N/A 9 | | 
Ex | R2 | 1942, 58-1987 | N/A | | 
| | R4 |1942] 60-1987 | МА | | 


_ 60 WATERVILLE | Ri_|1976/ 68-1986 | N/A | | 
61'WHITMAN COUNTY MEM(COLFAX) | Ri | 1976 | 57 - 1986 | 40 - 1989 
62 WILBUR | ВА1 | 1971| 92 - 1986 | 83 - 1989 | Зз 


63 WILLIAM R. FAIRCHILD INTL | Ri |1942] 79- 1988 | NA | | 
| | R2 | 1942| 96-1988 | N/A | | 
| R4 [1942] 94-1988 | — N/A | «—— 


__ 64 WILLARD-TEKOA FIELD | R1 |1975| 90-1986 | 90- 1989 | 0 
65|WINLOCK (TOLEDO) | R1 | 1943] 49 - 1986 | 42 - 1989 
66| WOODLAND STATE | R1 | 1984] 91 - 1987 | 88 - 1991 

___67|FRIDAY HARBOR 90 - 1988 | N/A 
6 8| GOLDENDALE R UNK ' 87 - 1989 | N/A | 
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OTHELLO MUNICIPAL AIRPORT, 
WASHINGTON 


PAVEMENT FEATURES 
& 
PAVEMENT CONDITION SURVEY 


MAY 20, 1991 





PCI = 91 
3" АС 
6" base 





PCI = 74 
T AC 
3" base 
Gray area represents 
new pavement areas. 
PCI - 69 
T) aG 
3" base 
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; 6" base 
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3" base 
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EY 6" base 
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Othello Municipal Airport 
Pavement features and PCI numbers 
May 20, 1991. 
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Othello Municipal Airport 
Location of sample areas within each feature 
May 20, 1991 





Feature Summaries 
Othello Municipal Airport 
Othello Port District 


Date of Survey: Мау 20, ГЕ 
By: Frederick N. Mills Jr. and Robert O. Brown 


001 Facility: Runway R-1 


Total No. of Sample Units: 5 

Sample Sample 

Unit No. Unit Area PCI 
1 5000 73 
2 5000 75 
3 5000 55 
2 5000 92 
5 5000 74 


Average PCI: 74 
Condition Rating: Very Good 


* * * 
Airport Facility: Runway R-2 
Total No. of Sample Units: 5 
Sample Sample 
Unit No. Unit Area PCI 
1 5000 90 
Average PCI: 90 
Condition Rating: Excellent 
de * х 


port Facility: Taxiway T-1 


Total No. of Sample Units: 5 

Sample Sample 

Unit No. Unit Area PCI 
1 5000 33 
2 5000 78 
3 5000 69 
+ 5000 80 
5 5000 87 


Average PCI: 69 
Condition Rating: Good 





Airport Facility: Turnaround Taxiway T-2 


Total No. of Sample Units: 3 
Sample Sample 
Unit No. Unit Area DET 
1 5000 90 
2 5000 93 
3 5000 91 
Average PCI: 91 
Condition Rating: Excellent 

* * 
Airport Facility: Taxiway T-3 
Total No. of Sample Units: 5 
Sample Sample 
Unit No. Unit Area PCI 
1 2500 100 
2 2500 | 100 
3 2500 100 
4 2500 100 
5 2500 100 
Average PCI: 100 
Condition Rating: Excellent 

* * 
Airport Facility: Аргоп А-1 
Total No. of Sample Units: 1 
Sample Sample 
Unit No. Unit Area PCI 
1 5000 65 
Average PCI: 65 
Condition Rating: Good 

* * 
Airport Facility: Apron A-2 
Total No. of Sample Units: 1 
Sample Sample 
Unit No. Unit Area PCI 
1 2862 55 
Average PCI: 55 
Condition Rating: Fair 


* * 





Airport Facility: Apron A-3 


Total No. of Sample Units: 2 
Sample Sample 
Unit No. Unit Area PCI 
1 5000 86 
2 5000 92 
Average PCI: 89 
Condition Rating: Excellent 
E de х 


Principal Distresses 


Runway: Longitudinal and transverse cracking; ravelling 
and depressions. 


Taxiway: Alligator; block; longitudinal and transverse 
cracking; depressions and ravelling. 


Apron: А-2 (former fuel pump taxiway) Block; longitudinal 
and trasverse cracking; depressions and ravelling. 





Othello Municipal Airport 
Pavement Development and Maintenance 


In 1975 a paved runway existed to some degree consisting of 
a 3" gravel base with an oil penetration surface (probably 


means a BST surface). In 1976 the runway was overlaid with 
a 2" AC surface and was extended. A parallel taxiway and 
very small apron were constructed. In 1987 it was reported 


that all pavements appeared to be a 2" AC surface ona 3" 
crushed aggregate base. 


In 1989 several improvements were made: The parallel 
taxiway was widened from 20' to 30' (3" АС оп 7" crushed 
aggregate base); A runway 7 turnaround was constructed that 
also resulted in approximately 125' of new runway (3" AC on 
a 7" crushed aggregate base); two new aprons were 
constructed (2" AC on 4" base); and approximately 15,000 
linear feet of crack sealing was accomplished. 


The airport remains a very active agricultural applicator 


airport with two ag operators on the field. There is 
reportedly a fair amount of light twin and single engine GA 
traffic, also. While the runway is at present in good 


condition, the center 20' appears to be a different mix than 
the 10' outer lanes on each side. The outer lanes show some 
ravelling while the center 20' does not. Crackfilling is 
needed and a fog seal, particularly on the outer lanes, this 
would help the ravelling condition. Eventually it would be 
desirable to widen the runway to 60' and overlay the 
existing 40' width. The old portion of parallel taxiway 
needs crackfilling and an overlay, and the existing runway 
exit taxiways should be widened to a minimum of 30! and the 
older portion overlaid. An Additional apron adjoining the 
apron work accomplished in 1989 would be desirable in 
addition to overlaying the older section (former taxiway) 
running south from the existing fuel pumps and adjoining the 
east/west taxiway. 


Planning Considerations 


In 1989 a dirt bank running approximately 800' west of the 
west edge of the west runway exit taxiway was partially 
removed and the remaining part graded to a 5:1 slope, 
creating a 75' from runway centerline (C/L) safety area. 
While this is a significant improvement it is recommended 
that widening continue to a minimum of 100' (125' desirable) 
from runway C/L. 





PAVEMENMTACONDITION TREND 


AIRPORT: Cii ১2587885586 ie ыт NOTES: PCI NUMBER indicates 


PAVEMENT CONDITION INDEX 
Horizontal scale covers 30 yrs. 
сап NIS Year Of original 
construction, major reconstruct. 
от омет Тау 
AIRPORT FACILITY: (1 AIRPORT FACILITY: -L 
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PAVEMENT CONDITION TREND 


NOTES: PCI NUMBER indicates 


PAVEMENT CONDITION INDEX 
Horizontal scale covers 30 yrs. 
Year O is year of original 
Construction, major reconstruct: 
or overlay 
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APPENDIX B 


OREGON STATE 
GENERAL AVIATION 
PAVEMENT CONDITION SURVEY DATA 


INCLUDING: 


1) AIRPORT LOCATION/DESCRIPTION/SECTION DATA 

2) PAVEMENT IDENTIFICATION & CHARACTERISTICS 
3) AVERAGE PCI VALUES FOR PAVEMENT FEATURES 
4) PAVEMENT CONDITION SURVEY DATES 

5) AVERAGE PCI LOSS WITH AGE 

6) REPAIR AND REHABILITATION INFORMATION 

7) TILLAMOOK AIRPORT COMPLETE PCI SURVEY 





PCI 
AVG 


ORIG 
STRUC. 
BEC. 
SURVEY 


ЖЖЖЖЖЖЖЖЖЖЖХЖЖЖҰЖЖЖЖЖЖЖЖЖЖЖЖ 


APPENDIX LEGEND 


সস সৎ সৎ সৎ সত সৎ সত সং সত সত সত সত সত সত সত সত সত সত সত সৎ সত সৎ সৎ সৎ সৎ 


Runway/Feature Identification Number 

Original Construction Date 

Pavement Condition Index 

Average 

Year 

Ruway Rehabilitation Date 

Original 

Structural 

Section 

PCI Inceased Value Attributed To Survey Conducted 





PCI LOSS DATA (OR) 


| No| AIRPORT&LOCATON | | D | OCD |PCI AVG & YR | PCI AVG & YR | AVG LOSS/YR. 
ЕЕ | |) | 
[| — l|ABANYMUNICIPALAP | R |1959| 99- 1988 | МА | | 
| — 2|ASHLANDMUNICIPAL — — [| R! | 1965| 91 - 1987 | 89 - 1991 | 0.5 
ШЕ Дс 155 92-1987 | 88- 199! 1 
[| —SS|AURORASTATEAP | m [1975| 85-1986 | Nia | 
| — 4|BAKERMUNICIPALAP | R | 1942 | 66-1986 | N/A | | 
Шо А] 3 1 1942| 69-1986 | NA | | 
ВЕ 1989 88-196 | NA |  J—  J | 
| — 5|BANDONSTATEAP 7! В! |1966] 72-1986] МА |  — 
| | 6JBENDMUNCPA — — | HR! |1977| 80-1986 | NA | | 
| 7 —w— 1m i977 59-1966 | NA || 
| 7|BOARDMANAP — 1 | RI [1943| 57-1988 | МА | | 
| — 8|BROOKINGSSTATE | А1 1968] 90-1986 | NA | |, 
Шы == 7 с 158! 5-56) мА — | 
| 9|BURNSMUNICIPALAP | 81 | 1942 | 50 - 1986 | NA | . —— 
М 92 49-1988 | NA. | O 
|  10|CHLOQUNSTATEAP — — — | Ri |1961,| 25-1987 | МА |  — — | 
| — 1T|CHRISTMASVALLEYAP —— —— | লী | 1985! 90 - 1987 | 86-1991 | — 1 
[.— 13|CORVALLS MUNICIPALAP — | Ri |1942, 93-1988 | NA | | 
Шо г [| 1942| 55-1988 NA | 
| 14/COTTAGEGROVEAP || || Нї |1966| 83-1988 | МА | — | 
2 — A | | R [1970| 85-1988 | МА | | 
| _15|COUNTYSQUIREAIRPARK — | Ri |1976| 70-1988 | N/A | | 
|| 16|CRESWELLMUNICIPALAP — — | Ri |1987| 98-1988 | МА | — — | 
| 17|FLORENCEMUNICIPALAP_ — | Hi! |1968,| 95-1988 | МА | | 
|. 18|GOLDBEACHMUNICIPAL — — | Ri |1964| 90-1986 | — N/A | | 
_ 19/HERMISTONMUNICIPAL 7 লী |1959| 80-1988 | МА | | 
| к 197, 87-1988V || NA | | | — 
[. 20)HOODRIVERAP | m |1986] 96-1987 | 92- 1991 | 1 
О Ағ 156 95-1987 | 90- 199! | 1:25 
P | R3 1986) бї 1987 | 91- O 


| — 21|INDEPENDENCE STATE AP 91-1986 | NA | Á . 
1953 | 87 - 1987 | 83 - 1991 


|  22|lLINOISVALLEYAP ||| [В | 

[ЮЗ [1960| 93-1987 | 91-1991 | 0:5 
|. 23|JOHNDAYSTATEAP — | Hi [1962] 68-1986 | N/A | | 
мг OA | | | m [1982] 93-196 | NA^ | 
[| 24|JOSEPHINE STATECOUNTY AP | Ri |1966| 72- 1986 | 81- 1991 |CHECK | 
__ 25|LA GRANDE MUNICIPALAP — | Ri |1942| 51-1986 | мА | 
O C — 2 1942] 72 - 1986 N/A 

В 1[1974[ 68 - 1986 | NIA | | 
| 26|LAKE COUNTY AP নী 
| 










2 8|LEBANON STATE AP 





PCI LOSS DATA (OR) 


[ No| ARPORT&LOCATON | | D | OCD |PCI AVG& YR | PCI AVG & YR | AVG LOSS/YR| 
Ни s. C |. DL | 
| 29|MADRASCTY-COUNTYAP | Ri | 1943| 84- 1986 | 95- 1991 [CHECK | | 
ЖО г 155 16 - 1986 | 98- 1991 | O 
EEUU — к 155 46-1986 |. МА | — 5 | 
КЧ [ 8 [19431 39 - 1986 | NA | | 
| 3O[MCDERMITTSTATEAP_ ^ | Ri! |1985, 96-1986 | NA | .— | 
[ S1|MCMINNVILLE MUNICIPALAP —— | Ri |1943| 56-1988 | МА | 0) 
BEEN кк 11943 1 61-1908 | МА | | 
|  33|NORTHBENDMUNICIPAL — — | Ri |1943| 90-1988 | МА | | 
[|] |  — | R»[1943| 88 1988 | NA |. — 
ERU ——  — /— S — 0, R2A |1943| 90-1988 | NVA | | 
EN 1953 75-1988 | МА |... 
[|  S4|OAKRIDGESTATEAIRPORT — | Ri | МА| МА | 70-1991 | — — 
| 35/ONTARIOMUNICIPAL — — — | Ri |1978| 84-1986 | МА | 00000) 
| 36 ОРЕбОМ СПУ АЯРАВК —— | НІ 1972 45 - 1988 | МА | ____ 
| _38|PINEHURSTSTATEAP — | НІ |1956 83- 1987 | 76 - 1991 | 1.75 
_ 39|PENDLETON MUNICIPAL — — | Ri |1942| 98-1988 | N/A | . 


БЕС Ro (1942, 97- 1988 | мА | | 
И к |194?2| 8-188 | мү (  — 
2 ми 14 66-1988 | NA | | 
| А г 12 7-8 NA | | 
ЕЕ М6 | 1942 [61 - 1988 | NA | | 
ВО РАМЕМЩЕАР 9 | МК |687 - 1986 [мА | — | 
চা 72 পর | 86 - 1986 | NA 7 
ЕЕЕ кк QUK] 39-1006 | əл | ( 
ВЕ Кл 194 77-197 58-19: 2.25 
Б |Р2 (|194) 73-197 | 99-191 [CHECK / 

B NE E 





























EU লী [1975] 91-1986 | NA |  — 
ШДв умк [92-1986 | NA | ë 
| 43|PROSPECTSTATEAP_ | Ri |1962| 54- 1987 | 68- 199! |CHECK | 
|. 44|ROSEBURGMUNCPAL — — | Ri [1951| 77- 1987 | 57-199 | 5 
| 46/SEASIDESTATEAP — — — | Ri! [1964| 88- 1987 | 83- 1991 | — 125 
L . 47|SILETZBAYSTATEAP — — | Ri |1971| 80- 1988 | N/A | — — 
48|SPORTSMANAIRPARKNEWBERG | R! |1965| 57-1986 | N/A | | 
Ж — 1 5 [me |1944| 69-188) NA | | 
м |1944| 74-1988 | N/A | - 
| SO|SUNRIVERAP — — —  [ RP |1970| 92-1986 | N/A | | 
5 1|SUTHERLIN MUNICIPAL - В1 | 1971 | 90 - 1987 NA | 
EN || | 5 | | A | 
 _ | er | 3| | | | — 





PCI LOSS DATA (OR) 






| No| AIRPORT&LOCATON — | D | OCD |PCIAVG& YR | PCI AVG & YR | AVG LOSS/YR 
Шиши 1 | д 
| — 52|THEDALLES MUNICIPALAP — | Ri |1943| 79-1988 | N/A | | 
EMEN S ЕО 11943] 79-1988 | МА ү | 
ЕЕ লতি 11943] 79 - 1988 | NAD | 










| | 53TLLAMOOK AP  — | Ri |1943 | 92 - 1987 | 89-1991 | 0.75 
ENS Бо 1953 77 - 1987 | 100- 1991 CHECK | 
54| ТАЕСПУ ТАТЕАР দলা | 1970] 88-1987 | 77- 1991 | 275 
| S5IWASCOSTATEAP” . | Ri! | 1987, 87-1987 | МА | — —— 
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TILLAMOOK AIRPORT, OREGON 


PAVEMENT FEATURES 


& 


PAVEMENT CONDITION SURVEY 


SEPTEMBER 9, 1991 
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1. Airport Layout w/PCI Numbers 
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3. Feature Summary 

4. Pavement Development & Maintenance 
5. Pavement Condition Trend 
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6" BASE 
10" SB PCI =62 
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6" ВАЗЕ 
a Ч তি SB 
un © 
| " P 
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6" ВАЗЕ 
10" SB | 
РСТ = 1 РСТ = 100* 
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TILLAMOOK AIRPORT 


ELEMENT FEATURES AND PCI NUMBERS . 
SEPTEMBER 9, 1991 
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“y SAMPLES ЧЭ 
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TILLAMOOK AIRPORT 
LOCATION OF SAMPLE AREAS WITHIN EACH FEATURE 


SEPTEMBER 9, 1991 


па 





FEATURE SUMMARY 


AIRPORT: Tillamook Airport 
DATE OF SURVEY: september 9, 1991 


AIRPORT FACILITY:Runway R-1, 13-31 
TOTAL NO. OF SAMPLE UNITS: 6 


SAMPLE SAMPLE 

UNIT NO. UNIT AREA PCI 
5000 — 88 

2 5000 90 5 

3 5000 91 

4 5000 87 

5 5000 90 

6 4000 85 


Average PCI: 89 
Condition Rating: Excellent 


AIROPRT FACILITY: Runway R-2, 1-19 
TOTAL NO. OF SAMPLE UNITS: 


SAMPLE SAMPLE 
UNIT NO. UNIT AREA БЕТ 


Not done as overlay shceduled 
for October 1991. Should 
feet in PCI of 100 this 
Ball. 


Average PCI: 
Condition Rating: 


AIRPORT FACILITY: Taxiway T-1 
TOTAL NO. OF SAMPLE UNITS: 4 


SAMPLE SAMPLE 
eer NO. ШЕШЕНЕ ECT 
1 5000 | 67 
2 5000 74 
3 5000 71 
4 5000 56 


‚ Ауегаде PCI: 67 
Condition Rating: Good 


AIRPORT FACILITY:Taxiway T-1A 
TOTAL NO. OF SAMPLE UNITS: 


SAMPLE SAMPLE 

AO ১৬ ЕС 
1 5000 57 
2 5000 67 
3 5000 67 
4 5000 74 


nos PCI: 66 
Condition Rating: Good . 


AIRPORT FACILITY:Taxiway T-2 


TOTAL NO. OF SAMPLE UNITS: 4 
SAMPLE SAMPLE 

UNIT NO. UNIT AREA PC 
1 5000 64 
2 5000 53 
3 5000 49 
4 5000 54 


Average PCI: 55 
Condition Rating: Good 


AIRPORT FACILITY:Taxiway T-3 
TOTAL NO. OF SAMPLE UNITS: 3 





SAMPLE SAMPLE 

UNIT NO. UNIT AREA EC 
1 5000 бэ 
2 5000 62 
3 5000 2 


Average PCI: 62 
Condition Rating: Good 





AIRPORT: Tillamook Airport 


DATE OF SURVEY: September = 


AIRPORT FACILITY: Taxiway T-4 


TOTAL NO. OF SAMPLE UNITS: 
SAMPLE SAMPLE 


UNIT NO. UNIT AREA 


5000 
5000 
5000 


Average PCI: 89 


FEATURE SUMMARY 


FIII 


3 
PCI RUNWAY R-1 
RUNWAY R-2 
85 . 
314১ 
91 TAXIWAY T-1- 


TAXIWAY T-1A 


Condition Rating: Excellent 





TAXIWAY T-2 


- 3 


TOTAL NO. OF SAMPL 


SAMPLE SAMPLE 

UNIT NO. UNIT AREA 
5000 
5000 
5000 


TAXIWAY T-3 


ERINCIPAL DISTRESSES: 


Raveling/weathering 


Raveling, depressions and 
cracking 
Block, longitudinal & 


transverse cracking , 
depressions & raveling 
Raveling, depressions 
and cracking 
Block cracking, depressions 
and raveling/weathering 
Longitudinal & transverse 
cracking, depressions & 
raveling/weathering 


Raveling/weathering 


Raveling/weathering and 


oil spillage 


PCI 
88 
2 TAXIWAY T-4 
82 
APRON A-2 
APRON A-3 


Average PCI: 
Condition Rating: Excellent 


AIRPORT FACILITY: A 


ron A-3 


TOTAL NO. OF SAMPLE UNITS: 4 


SAMPLE Е SAMPLE 
UNIT NO. UNIT AREA 
l 20 slabs 
2 " " 

3 " " 

4 " " 
Ауегаде РСТ: 79 


PCI 
74 

84 
82 
77 


Condition Rating: Very Good 


Joint seal damage 





TILLAMOOK AIRPORT 
PAVEMENT DEVELOPMENT AND MAINTENANCE 


SEPTEMBER, 1991 


The original construction of 1942-43 was a combination of DLAND-USED 
and Navy. Except for a small concrete apron of unknown thickness, 

on the west side, all pavements were flexible construction consisting 
of 2" AC, 6" Base and 10" Subbase. On taxiways and aprons the surface 
thickness was 2%". It appears nothing was done to the pavement, 
except for a possible slurry seal on a few sections, until 1983. At 
that time a Federally funded project assisted in overlay of Runway 
13-31, and chip seal on 1-19 and the southern portion of the taxi- 
way parallel to 13-31. Also, at that time the short taxiway from 

the concrete apron to runway 13-31 was overlaid. The island between 
the concrete apron and parallel taxiway was surfaced about the same 


time. 


Traffic at this airport has consisted mainly of light single and twin 
engine aircraft but occasionally a large aircraft will visit the 


airport. 


Currently, runway 13-31 continues to be in excellent condition. But, 
it does show a significant tendency to ravel with many fine particles 
coming loose. A fog seal might help this. Runway 1-19 has a lot of 
loose stone and is scheduled for a li" minimum overlay in Fall of 
this year. That should result in an excellent condition and a PCI 


Beating of 100. 


The aprons are in very good condition but the concrete apron could 
use new joint seal as it has had nothing done to it in 48 years. 

The bituminous portion of apron shows a significant tendency to ravel 
and a fog seal might help here also. All of the other pavements are 
Original, although the north portion of the parallel taxiway looks 
like it had a slurry seal once, and are in good condition. Typically 
they have some depressions, fine cracking and raveling/weathering. 


‘Some һауе а lot of vegetation in the cracks. 





The ideal solution on these pavements would be an overlay aS was acc- 
omplished on runway 13-31. The active taxiways could be overlaid 

35' wide or maybe 40'. This treatment would correct all problems 
including depressions. But, if funds are insufficient, removing 
vegetation and slurry sealing these pavements would be a big im- 
provement. Even though the southern portion of the parallel taxi- 
way received a chip seal, an overlay of the entire taxiway at 35' 

or 40' would be desirable. A short portion of taxiway T-2 from run- 
way end 13 to the T hangar area is scheduled for a slurry seal in 
Fall of 1991. The remaining longer section of T-2 would seem to be 


an ideal cnadidate for a slurry seal. 


SUGGESTED PAVEMENT PROGRAM IS AS FOLLOWS: 
Overlay parallel taxiway to runway 13-31 approx. 5500' х "35" 


ЕЕ ОО 5. у. 6 57.00 151507000200 
Род 5еа1 гипмау 13-31 
Нэг 5. У. 8 50.20 ог. ОО. 00 


Remove vegetation and slurry seal taxiways between runways to 40' 
width 
EEUOD S. Y. € $2.00 


Replace joint seal in concrete apron 


5 30,000.00 
97 Ээ 000200 





AIRPORT: |illameok 


DATE OF LAST SURVEY: Sept 9, 1991 


AIRPORT FACILITY: Runwey RI, 15-33 
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1. PURPOSE. This advisory circular (AC) provides guidelines and procedures for 
maintenance of rigid and flexible airport pavements. 


ee FOCUS. 


a. Poor maintenance of airport pavements is the result of a variety of causes, 
among which are lack of funds, untrained personnel, and lack of adequate infor- 
mation. This AC provides specific guidelines and procedures for maintaining air- 
port pavements and establishing an effective maintenance program. Specific types 
of distress, their probable causes, inspection guidelines, and recommended methods 
of repair are discussed. 


b. This information has been developed to assist airport managers, engineers, 
and maintenance personnel responsible for pavement design, performance, maintenance, 
and repair. It is intended primarily for use at small- and medium-size airports 
that may lack the technical support of an adequate well-trained engineering/main- 
tenance staff or the financial resources to retain a pavement consultant. 


3. RELATED READING MATERIAL. The publications listed in Appendix C, Bibliography, 
provide further guidance and technical information. 





APPENDIX А: CONDITION SURVEY PROCEDURE 


GENERAL 


This appendix gives the detailed procedure for performing a pavement 
condition survey at civil airports. The procedure is presently limited 
to flexible pavements (all pavements with conventional bituminous con- 
crete surfaces) and jointed rigid pavements (jointed nonreinforced con- 
crete pavements with joint spacing not exceeding 25 ft). Specific 
objectives for the condition survey are: 


а. To determine present condition of the pavement in terms of 
apparent structural integrity and operational surface 
condition: 


Іс” 


To provide FAA with a common index for comparing the condition 
and performance of pavements at all airports and also provide 

£ rational basis for justification of pavement rehabilitation 

projects: 


To provide feedback on pavement performance for validation 
and improvement of current pavement design, evaluation, and 
Maintenance procedures. 


In 


The airport pavement condition survey and the determination of the 
PCI are the primary means of obtaining and recording vital airport pave- 
ment performance data. The condition survey for both rigid and flexible 
pavement facilities consists principally of a visual inspection of the 
pavement surfaces for signs of pavement distress resulting from the in- 


fluence of aircraft traffic and environment. 
BASIC AIRPORT INFORMATION 


A considerable amount of basic airport data is incorporated into 
the condition survey report. Most of this information is contained in 
construction and maintenance records and in previous condition survey 
reports. To facilitate report preparation, the basic data should be 
accumulated and maintained by the airport engineer. The following items 


should be compiled for subsequent use during the condition survey: 


a. Design/construction/maintenance history. The history of 


maintenance, repair, and reconstruction from original construc- 
tion of the airport pavement system to the present should be 
maintained. These data should reflect airport paving projects 





and airport change projects accomplished either in-house or 
by a contractor: 


CO earr er commuter, cargo, and military 
নি отаг records, including aircraft type, typical 
gross loads, and frequency of operation. 

c. Climatological data. Annual temperature ranges and precipi- 
tation data should be obtained from the weather office nearest 
the airport. 

d. Airport layout. Plans and cross sections of all major airport 
components, including subsurface drainage systems. These 
should be updated to reflect new construction upon completion 
of the project. 

e. Frost action. If applicable, records of pavement behavior 
during freezing periods and subsequent thaws should be recorded. 

f. Photographs. Photographs depicting both general and specific 


airport conditions should be taken. 


Б. Pavement condition survey reports. All previous pavement con- 


dition survey reports should be maintained to be referenced 
in toena rent report. 


A series of data summary sheets has been devised and is presented 
in Figures A-1 through A-h. These summary sheets should be helpful to 
the personnel involved in obtaining and maintaining the necessary infor- 
mation. Narrative information pertaining to unusual problems, solutions, 
or attempted solutions to these problems should be included. This in- 
formation would be beneficial in determining research needs as well as 
in providing a means of distributing information. 


OUTLINE OF BASIC CONDITION 
RATING PROCEDURE 


The steps for performing the condition survey and determining the 
PCI are described below and in Figure A-5: 


a. Station or mark off the airport pavements in 100-ft increments. 
This 1s done semipermanently to assure ease of proper position- 
ing for the condition survey. The overall airport pavements 
must first be divided into features based on the pavements 
design, construction history, and traffic area. A designated 
pavement feature, therefore, has consistent structural thick- 
ness and materials, was constructed at the same time, and is 
Koealeseinsonesäirpert tecility; 1.e., runway, taxiway, etc. 
After initially designating the features on the airport, make 
a preliminary survey. This survey shall entail a brief but 
complete visual survey of all the airport pavements. By 





observing distress in an individual feature, it may be 
determined whether there are varying degrees of distress in 
different areas. In such cases, the feature should be sub- 
divided into two or more features. 


[c 


The pavement feature is divided into sample units. A sample 

unit for jointed rigid pavement is approximately 20 slabs; a 

sample unit for flexible pavement is an area of approximately 
5000 sq ft. 


The sample units are inspected, and distress types and their 
severity levels and densities are recorded. Appendix B pro- 
vides a comprehensive guide for identification of the different 
distress types and their severity levels. The criteria in 
Appendix B must be used in identifying and recording the dis- 
tress types and severity levels in order to obtain an accurate 
PCI. 


[o 


Те? 


For each distress type, density, and severity level within a 
Sample unit, a deduct value is determined from the appropriate 
curve. 


The total deduct value (TDV) for each sample unit is determined 
by adding all deduct values for each distress condition 
observed. 


[o 


A corrected deduct value (CDV) is determined using procedures 
in the appropriate section for jointed rigid or flexible 
pavements. 


|^» 


g. The PCI for each sample unit inspected is calculated as 
follows: 


PCI = 100 =- CDV 


If the CDV for a sample unit is less than the highest individ- 
ual distress deduct value, the highest value should be used in 
lieu of the CDV in the above equation. 


The PCI of the entire feature is the average of the PCI's from 
all sample units inspected. 


| 


IH 


The feature's pavement condition rating is determined from a 
figure that presents verbal descriptions of a pavement condi- 
tion as a function of PCI value. 


SAMPLING TECHNIQUES 


Inspection of an entire feature may require considerable effort, 
especially if the feature is very large. This may be particularly true 
for flexible pavements containing much distress. Because of the time 


and effort involved, frequent surveys of the entire feature may be 





beyond available manpower, funds, and time. A sampling plan has, 
therefore, been developed so that an adequate estimate of the PCI can 
be determined by inspecting a portion of the sample units within a 
feature. Use of the statistical sampling plan described here will con- 
Siderably reduce the time required to inspect a feature without signif- 
icant loss of accuracy. However, this statistical sampling plan is 
optional, and inspection of the entire feature may be desirable. Тһе 
airport engineer should specify whether statistical sampling may be 


used. The condition survey proceeds as follows: 


a. Determination of pavement feature. The first step in the 


condition survey is the designation of pavement features. 
Each facility such as a runway, taxiway, etc., is divided 
into segments or features that are definable in terms of 

(1) the same design, (2) the same construction history, 

(3) the same traffic area, and (4) generally the same overall 
condition. General features can be determined from pavement 
design and construction records and can be further subdivided 
as deemed necessary based on a preliminary survey. It is 
important that all pavement in a given feature be such that 
it can be considered uniform. As an example, the center part 
of some runways in the traffic lanes should be separate fea- 
tures {rom the shoulder portion@outside the traffic lanes. 


Selection of sample units to be inspected. The minimum number 


of sample units that must be surveyed to obtain an adequate 
estimate of the PCI of a feature is selected from Figure A-6. 
Once the number of sample units n has been determined from 
Figure A-6, the spacing interval of the units is computed from 


| 


; N 
=. (= 
T) 
where 
1 = spacing interval of units to be sampled 
N = total number of sample units in the feature 
n = number of sample units to be inspected 


All the sample numbers within a feature are numbered and those 
that are multiples of the interval i are selected for inspec- 
tion. The first sample unit to be inspected should be selected 
at random between l and i . Sample unit size should be 

5000 sq ft (generally 50 by 100 ft) for flexible pavement 

and 20 adjacent slabs for rigid pavement. Figures A-7 and 

A-8 illustrate the division of a jointed rigid pavement and 
flexible pavement feature, respectively, into sample units. 





Each sample unit is numbered so it can be relocated for future 
inspections, maintenance needs, or statistical sample purposes. 
Each of the selected sample units must be inspected and its 

PCI determined. The mean PCI of a pavement feature is deter- 
mined by averaging the PCI of each sample unit inspected with- 
in the feature. When it is desirable to inspect a sample unit 
that is in addition to those selected by the above procedure, 
then one or more additional sample units may be inspected and 
the mean PCI of the feature computed from: 


(М- А) —— А 
= + Í 
PCI, — = PCI, " PCI 


where 


PCI. = mean PCI of feature 


total number of sample units in feature 


> 2 
! 


= number of additional sample units 


PCI, = mean of PCI for п number of statistically 
selected units 


PCI, ~ mean PCI for all additional sample units 


It is necessary that each sample unit be identified adequately 
So that it can be relocated for additional inspections to veri- 
fy distress data or for comparison with future inspections. 
Based on significant variation of sample unit PCI along a 
feature and/or significant variation in distress types among 
sample units, one feature should be divided into two or more 
features for future inspections and maintenance purposes. 


DETAIL SURVEY PROCEDURE 
FOR RIGID PAVEMENT 

Each sample unit, or those selected by the statistical sampling 
procedure, in the feature is inspected. The actual inspection is per- 
formed by walking over each slab of the sample unit being surveyed and 
recording distress existing in the slab on the jointed rigid pavement 
survey data sheet (Figure A-9). One data sheet is used for each sample 
unit. А sketch is made of the sample unit, using the dots as joint 
intersections. The appropriate number code for each distress found in 
the slab is placed in the square representing the slab. The letters 
L (1ow), M (medium), or H (high) are included along with the distress 
number code to indicate the severity level of the distress. For example, 


15L indicates that low severity corner spalling exists in the slab. 





Refer to Appendix B for aid in identification of distresses and their 
severity levels. Follow these guidelines very closely. 

Space is provided on the jointed rigid pavement survey data sheet 
for summarizing the distresses and computing the PCI for the sample 
unit. Summarize the distress type numbers and their severity levels and 
the number of slabs in the sample unit containing each type and level. 
Calculate the percentage of the total number of slabs in the sample unit 
containing each distress type and severity level. Using Figures A-10 
through A-24, determine the deduct value for each distress type and 
severity level. Sum the deduct values to obtain the deduct total. 

Noting how many individual deduct values are greater than 5, con- 
sult Figure A-25 to obtain the CDV. The PCI is then calculated and the 
rating (from Figure A-26)is entered on the jointed rigid pavement survey 
data sheet (Figure A-9). If the CDV for a sample unit is less than the 
highest individual distress deduct value, the highest value should be 
used in determining the PCI. 

The PCI's for all sample units are compiled into a feature summary, 
as shown in Figure A-27. The overall condition rating of the feature is 
determined by using the mean PCI and Figure А-26. 

DETAILED PROCEDURE FOR 
EEREXIBLE PAVEMENT 

Each sample unit, or those selected by the sampling procedure, in 
the feature is inspected. The distress inspection is conducted by walk- 
ing over the sample unit, measuring the distress type and severity 
according to Appendix B, and recording the data on the flexible pavement 
survey data sheet (Figure A-28). One data sheet is used for each sample 
ШІСІ A hand odometer is very helpful for measuring distress. A 10-ft 
straightedge and a 12-in. scale must be available for measuring the 
depths of ruts or depressions. Each column cn the data sheet is used 
to represent a distress type, and the amount and severity of each dis- 
tress located are listed in the column. For example, distress No. 5 
(depression) is recorded as 6 x 4L, which indicates that the depression 


is 6 by 4 ft and of low severity. Distress type No. 8 (longitudinal and 





transverse cracking) is measured in linear feet, thus 10L indicates 
Оа Cracking wes lnis format is very convenient for recording 
data in the field. 

Each distress type and severity level are summed either in square 
feet or linear feet, depending on the type of distress. The total units, 
either in square feet or linear feet, for each distress type and severity 
level are divided by the area of the sample unit to obtain the percent 
density. Using Figures A-29 through A-44, determine the deduct value 
for each distress type and severity level. Sum the deduct values to 
obtain the deduct total. 

Noting how many individual deduct values are greater than 5, use 
Figure A-45 to obtain the CDV. The PCI is then calculated, and the 
rating (from Figure A-26) is entered on the flexible pavement survey 
data sheet. If the CDV for a sample unit is less than the highest indi- 
vidual distress deduct value, the highest value should be used in deter- 
mining the PCI. 

The PCI's for each sample unit are compiled into a feature summary, 
as shown in Figure A-46. The mean PCI for the feature is determined by 
averaging the PCI's from each sample unit. The overall condition rating 


of the feature is determined by use of the mean PCI and Figure A-26. 
REPORTING CONDITION SURVEY RESULTS 


The format for reporting the findings of the airport condition 
survey may be informal, designed to preclude the necessity of extensive 
drafting and typing. The pavement distress data and PCI computations can 
be presented as directly obtained from the survey data sheets and compu- 
tations. The basic airport data collected will primarily reflect changes 
in airport pavement systems that have occurred since the last condition 
survey report. Reports should be prepared by the airport engineer on a 
recurring cycle at intervals designed to reflect gradual changes in pave- 
ment surface conditions. Reports should include, but not be limited to, 


the following: 
&. Design pavement structure data. A form, such as Figure A-1, 


to include the history of all airport pavements, from original 
construction to the most recent changes and additions. 





b. Pavement structural evaluation summary. If available, a 

summary of the last structural evaluation data (see Figure A-2). 

c. Pavement maintenance record. When, where, and what type of 

maintenance has been performed (see Figure A-3). 

me Meircratt traiiie data survey. Types of aircraft, typical gross 
loads, and airport facilities most likely used by the aircraft; 

also, the frequency of operations (see Figure А-1). 

come las and Cress sections. 

(1) Airport layout plan. The airport layout plan should 
depict airport pavements existing at the time of the 
condition survey. All airport facilities should be 
delineated and identified. 

(2) Condition rating. An airport layout plan keyed to indi- 
cate the narrative condition rating of each feature. The 
feature PCI's should be indicated, possibly in tabular 
Form. 

(3) Drainage. Existing problem areas should be identified. 
Surface and subsurface drainage should be shown in plan 
and profile for all areas near to and intersecting with 
airport pavements. 

К ЩЫ гга е A narrative consisting of a written account of the 


visual condition of each feature. The purposes of the narrative 
are: 


(1) To briefly describe the general condition of the pavement 
facilities. 


(2) To describe operational conditions and problems. 


(3) To describe the condition of other airport facilities 
found near the load-bearing pavements such as runway 
shoulders and overrun areas. 


5. Photographs. Photographs showing typical or specific pavement 
conditions. An aerial photograph, current within 3 years, is 
desirable. 
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STEP 1. DIVIDE PAVEMENTS INTO FEATURES. 
STEP 2. DIVIDE PAVEMENT FEATURE INTO SAMPLE UNITS. 


STEP 3. INSPECT SAMPLE UNITS; DETERMINE DISTRESS TYPES 
AND SEVERITY LEVELS AND MEASURE DENSITY. 


MEDIUM ALLIGATOR 






L & T CRACKING 
B 






STEP 4. DETERMINE DEDUCT VALUE 
t & T CRACKING 









ALLIGATOR 
100 


DEDUCT VALUE 
DEDUCT VALUE 9 


о 


DENSITY PERCENT 100 
(LOG SCALE) 


01 DENSITY PERCENT 100 
(LOG SCALE) 





STEP 5. COMPUTE TOTAL DEDUCT VALUE (TDV) a+b 
STEP 6. ADJUST TOTAL DEDUCT VALUE 


8 





ы) 

= 
Oa 
ш> 
о = 
ш (9 
с > q = NUMBER OF ENTRIES 
=o WITH DEDUCT VALUES 
oo OVER 5 POINTS. 

0 

0 TOV = a+b 100 200 


TOTAL DEDUCT VALUE 


STEP 7. COMPUTE PAVEMENT CONDITION INDE X 
(PCI) = 100 - CDV FOR EACH SAMPLE 
UNIT INSPECTED. 


STEP 9. DETERMINE PAVEMENT 
CONDITION RATING 
OF FEATURE. 


RATING 





Есік кім? 


STEP 8. COMPUTE PCI OF ENTIRE FEATURE (AVERAGE PCI'S OF SAMPLE UNITS). 


Figure А-5. 


Steps for determining PCI of a pavement feature 
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JOINTED RIGID PAVEMEN 





CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT 


AIRPORT DATE 
WORLD INTERNATIONAL 
RWY 9-27 R3 12 
JH/DE 12.5 X 15 FT 





Ф Ф Ф o o 
DISTRESS TYPES 
10 
. BLOW-UP 10. SCALING/MAP 
e ө e ө ® 2. CORNER BREAK CRACK/CRAZING 
3. LONGITUDINAL/ 11. SETTLEMENT/ 
9 TRANSVERSE/ FAULT 
DIAGONAL 12. SHATTERED 
CRACK SLAB 
© ® © UE 
= E 4. "D" CRACK 13. SHRINKAGE 
5. JOINT SEAL CRACK 
8 DAMAGE 14. SPALLING -- 
. PATCHING, «5 FT? JOINTS 
@ e e e ә 21 
7. PATCHING/ 15. CORNER. 
UTILITY CUT 
f 8. POPOUTS 
9. PUMPING 
Ф 8 e Ф ё 
DIRECTION OF SURVEY DENSITY | DEDUCT 
% VALUE 
6 | 12.5 | 
MESE 
шит 
| তি. 
তি রিতা 
DEDUCT TOTAL E 
CORRECTED DEDUCT VALUE (CDV) on | 


РС! * 100 — СОМ = 
RATING = 





Figure A-9. Jointed rigid pavements - condition survey data sheet 
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Airport: 


Auf port Facility: 


World International 


Тахїмау 1 


fete No. of Sample Units: 


ЕЕ ОГ Surveys 


Sample 
Unit 


No. 


1 


No. of 
Slabs 


20 
20 
20 
20 


20 


Slab 
Size 


1:22 
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I2 X 
LE AX 


Шах 


Enensse PCI for Feature: 


ESndstion Васе: 


Figure A-27. 
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Unit 
No. 


No. of 
Slabs 


Slab 
Size 


Feature summary - jointed rigid pavement 
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FLEXIBLE PAVEMENT 
CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT 

AIRPORT DATE 

WORLD INTERNATIONAL 5/26/79 
FACILITY FEATURE SAMPLE UNIT 

ТХУЕ T-11 4 
SURVEYED BY AREA OF SAMPLE 

JH/DE 5000 SO FT 


DISTRESS TYPES SKETCH. 


. ALLIGATOR CRACKING 10. PATCHING 100° 

. BLEEDING 11. POLISHED AGGREGATE ло —— 
. BLOCK CRACKING 12. RAVELING/WEATHERING 

CORRUGATION 13. RUTTING 

DEPRESSION 14. SHOVING FROM PCC 

JET BLAST 15. SLIPPAGE CRACKING 

JT. REFLECTION (PCC) . SWELL 

LONG. & TRANS. CRACKING 

. OIL SPILLAGE 


P 
7 EXISTING DISTRESS TYPES 
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PC! CALCULATION 


DISTRESS DENSITY DEDUCT 
TYPE SEVERITY % VALUE 
L 7 


TOTAL 
SEVERITY 





RATING = VERY GOOD 





CORRECTED DEDUCT VALUE (CDV) TT 


Figure A-28. Flexible pavements - condition survey data sheet 
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Figure A-45 





APPENDIX D 


MINITAB SOFTWARE CALCULATIONS 
AND MODELS DERIVED 


INCLUDES ALL PAVEMENT 
CATEGORIES 


1. APPLICABLE DATA POINTS 

2. REGRESSION ANALYSIS OF WASHINGTON DATA 
3. REGRESSION ANALYSIS OF OREGON DATA 

4. COMBINED STATES DATA REGRESSION ANALYSIS 
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RSCH PLOT DATA Wed, Mar 4, 1992 2:48 PM 
PCC AGE PCC PCI 2-3"AC/6-8" 2-3/e-8 PCI WWII AGE WWII PCI 2-3/>8 AGE 2-3/>8 РС 

43.000 86.000 0.000 100.000 0.000 100.000 13.000 95.000 
46.000 84.000 13.000 64.000 44.000 54.000 16.000 90.000 
43.000 33.000 10.000 67.000 43.000 47.000 13.000 100.000 
46.000 26.000 13.000 82.000 46.000 39.000 16.000 92.000 
45.000 84.000 17.000 80.000 46.000 55.000 19.000 90.000 
49.000 81.000 20.000 55.000 49.000 45.000 23.000 87.000 
45.000 78.000 24.000 51.000 47.000 52.000 4.000 89.000 
49.000 67.000 16.000 86.000 43.000 49.000 8.000 84.000 
44.000 40.000 20.000 77.000 46.000 42.000 4.000 90.000 
48.000 33.000 14.000 29.000 43.000 77.000 8.000 82.000 
44.000 47.000 18.000 18.000 46.000 59.000 8.000 89.000 
48.000 26.000 3.000 94.000 11.000 85.000 
44.000 72.000 6.000 90.000 18.000 70.000 
47.000 69.000 15.000 71.000 21.000 48.000 
1.000 94.000 18.000 49.000 1.000 96.000 
5.000 78.000 12.000 88.000 5.000 92.000 
0.000 100.000 15.000 83.000 1.000 95.000 
2.000 92.000 5.000 90.000 
6.000 88.000 0.000 100.000 

37.000 79.000 

41.000 75.000 

23.000 88.000 

27.000 83.000 

4.000 88.000 

8.000 77.000 

O 
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PCC AGE 


43.000 
46.000 
43.000 
46.000 
45.000 
49.000 
45.000 
49.000 
44.000 
48.000 
44.000 
48.000 
44.000 
47.000 

0.000 


PCC PCI 


86.000 
84.000 
33.000 
26.000 
84.000 
81.000 
78.000 
67.000 
40.000 
33.000 
47.000 
26.000 
72.000 
69.000 


100.000 


2-3"АС/6-8" 


0.000 
13.000 
10.000 
13.000 
17.000 
20.000 
24.000 
16.000 
20.000 
14.000 
18.000 

3.000 

6.000 
15.000 
18.000 
12.000 
15.000 


PLOT DATA (WA) 


2-3/6-8 РС! 
100.000 


64.000 
67.000 
82.000 
80.000 
55.000 
51.000 
86.000 
77.000 
29.000 
18.000 
94.000 
90.000 
71.000 
49.000 
88.000 
83.000 


WWII AGE 


0.000 
44.000 
47.000 
44.000 
43.000 
46.000 
46.000 
49.000 
47.000 
43.000 
46.000 
43.000 
46.000 


WWII PCI 
100.000 


77.000 
78.000 
54.000 
47.000 
39.000 
55.000 
45.000 
52.000 
49.000 
42.000 
77.000 
59.000 


2-3/>8 AGE 


13.000 
16.000 
13.000 
16.000 
19.000 
23.000 
4.000 
8.000 
4.000 
8.000 
8.000 
11.000 
18.000 
21.000 
0.000 


Wed, Mar 4, 1992 2:44 PM 


2-3/>8 PCI 


95.000 
90.000 


100.000 


92.000 
90.000 
87.000 
89.000 
84.000 
90.000 
82.000 
89.000 
85.000 
70.000 
48.000 


100.000 





RSCH PLOT DATA Wed, Mar 4, 1992 2:48 PM 


»3'"B AGE — >3"/В PCI ACOLAGE AC OL PCI BST AGE BST PCI SS AGE SS PCI 
0.000 100.000 0.000 100.000 0.000 100.000 0.000 100.000 
13.000 83.000 13.000 96.000 12.000 61.000 17.000 60.000 
17.000 75.000 16.000 91.000 15.000 34.000 21.000 55.000 
13.000 86.000 10.000 89.000 2.000 82.000 17.000 53.000 
17.000 80.000 13.000 84.000 5.000 60.000 21.000 43.000 
18.000 81.000 13.000 88.000 1.000 98.000 7.000 72.000 
21.000 68.000 17.000 83.000 4.000 95.000 11.000 70.000 
2.000 90.000 1.000 97.000 2.000 79.000 2.000 68.000 
6.000 86.000 5.000 90.000 6.000 46.000 6.000 49.000 
27.000 93.000 3.000 89.000 2.000 58.000 12.000 88.000 
31.000 91.000 7.000 81.000 6.000 50.000 15.000 70.000 
8.000 86.000 3.000 52.000 9.000 77.000 
11.000 84.000 6.000 42.000 12.000 72.000 
12.000 68.000 1.000 73.000 5.000 57.000 
15.000 65.000 4.000 68.000 8.000 40.000 
11.000 79.000 3.000 91.000 2.000 83.000 
15.000 74.000 7.000 88.000 6.000 77.000 
10.000 72.000 8.000 80.000 2.000 71.000 
13.000 58.000 12.000 77.000 6.000 68.000 
10.000 68.000 1.000 77.000 
13.000 59.000 5.000 57.000 
14.000 75.000 1.000 65.000 
17.000 70.000 5.000 64.000 
1.000 92.000 
4.000 83.000 
10.000 87.000 
14.000 83.000 
2.000 83.000 
6.000 76.000 
7.000 87.000 | 
11.000 79.000 | 
7.000 77.000 | 
11.000 68.000 
4.000 92.000 
8.000 89.000 
1.000 91.000 
5.000 89.000 
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PLOT DATA (WA) Wed, Mar 4, 1992 2:44 PM 


a 


„ĉa -- ae же. a me _ > 


>3"/В АСЕ >3"/В PCI AC OL AGE AC OL PCI BST AGE BST PCI SS AGE SS PCI 

0.000 100.000 0.000 100.000 0.000 100.000 0.000 100.000 
13.000 83.000 13.000 96.000 12.000 61.000 17.000 60.000 
17.000 75.000 16.000 91.000 15.000 34.000 21.000 55.000 
13.000 86.000 10.000 89.000 2.000 82.000 17.000 53.000 
17.000 80.000 13.000 84.000 5.000 60.000 21.000 43.000 
18.000 81.000 13.000 88.000 1.000 98.000 7.000 72.000 
21.000 68.000 17.000 83.000 4.000 95.000 11.000 70.000 
1.000 97.000 2.000 79.000 2.000 68.000 
5.000 90.000 6.000 46.000 6.000 49.000 
3.000 89.000 2.000 58.000 12.000 88.000 
7.000 81.000 6.000 50.000 15.000 70.000 
8.000 86.000 3.000 52.000 9.000 77.000 
11.000 84.000 6.000 42.000 12.000 72.000 
12.000 68.000 1.000 73.000 5.000 57.000 
15.000 65.000 4.000 68.000 8.000 40.000 
11.000 79.000 3.000 91.000 2.000 83.000 
15.000 74.000 7.000 88.000 6.000 77.000 

10.000 72.000 

13.000 58.000 

10.000 68.000 

13.000 59.000 

14.000 75.000 

17.000 70.000 

1.000 92.000 

4.000 83.000 


| == 
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РЕОТ ОАТА (ОВ) Wed, Mar 4, 1992 2:39 РМ 
2-3"АС/6-8В 2-3/6-8 PCI 2-3/>8 АСЕ 2-3/>8 PCI >3"/В АСЕ >3"/В PCI AC OL AGE AC OL PCI 

37.000 79.000 0.000 100.000 0.000 100.000 0.000 100.000 
41.000 75.000 1.000 96.000 27.000 93.000 10.000 87.000 
23.000 88.000 5.000 92.000 31.000 91.000 14.000 83.000 
27.000 83.000 1.000 95.000 2.000 90.000 2.000 83.000 
4.000 88.000 5.000 90.000 6.000 86.000 6.000 76.000 
8.000 77.000 7.000 87.000 
2.000 92.000 11.000 79.000 
6.000 88.000 7.000 77.000 
11.000 68.000 
4.000 92.000 
8.000 89.000 
1.000 91.000 
5.000 89.000 
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BST AGE 


0.000 
8.000 
12.000 


BST PCI 


100.000 
80.000 
77.000 


SS AGE 


0.000 
2.000 
6.000 
1.000 
5.000 
1.000 
5.000 


PLOT DATA (OR) 


SS PCI 


100.000 
71.000 
68.000 
77.000 
57.000 
65.000 
64.000 


PCC AGE 


0.000 
1.000 
5.000 


Wed, Mar 4, 1992 2:39 PM 


PCC PCI 


100.000 
94.000 
78.000 


AB cu AA lul 


I3 09 
000.061 000.0 
100.29 006.7 


000.6 065A 8 





Includes: 


Notes: 


WASHINGTON PAVEMENTS 


2-3 INCHES OF AC 
ОМ 
6 - 8 INCHES OF BASE 


Regression Equations 

R-squared (Confidence associated with the regression model) 

t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 


s or SEE (Estimate error factor - lower values are better) 


cl represents the dependent variable PCI. 

c2 represents the independent variable AGE. 

C3, C4, c5 are AGE raised to 1.5, 2, 2.5 powers, respectively. 
Equations with c6 and c7 are raised to the 3 and 3.5 powers. 





WA 2-5 /6 2222 


iregressicon egquation 15 
‚ 99.1 — £.14 Ce 


2.3 ০0101 Coe ft Stdev Басе 
r tant ээн! 11258 eus 

=, 146, Q. 77 IUBE 
“19.20 R-sa = 34. 2% R-saqfladi) = 29. 6% 


aysis af Variance 


СЕ DF sc MS 
gessicrn 1 2845,7 2045. 7 
nr 15 5528. Е 368.55 
$1 le = 


qual Observat ions 


5 Ёс (21 ভি 55122 residual St. Resid 
1 a. VI 194, AR ED 112.38 nc B 2.06 Х 
ü 14.0 29. au 69. 14 4.66 —4p.14 шоог 
1 18.4 18. uu 64. 58 215 = о 


dnates ar abs. with a large st. resid. 


N INUE ? 
I» B5 12 
TD B3 15 
T? егісі 


15 ROWS READ 
E? repress cl 1 cë 


! 


regressiur equatican is 
ООО 1.76 СЕ 
EL GE cor бизе 5৮06 Ши: 
ntant E a7 G: GGJ 14. 97 
an (O42 4. 448 1 “ЗЫ 
EJ umo 125৮৯ 54.9% а ааа Е 


аувіс of Variance 


ШЕ DF 55 ме 
Nessie 1 ПӘЛЕ = es; 
p^ s 1578.9 122.8 


54 14 3486.4 





let co=ce**1. S 


Г. 
i reoress cl 1 c3 


) 
) 


1 regression equation is 
ИИ — 4.256 CS 


^jictaor Caef Stdev tzraric 
„start EU Ss EEL Е Эм 
3 ШІ 25619 2, 02538 সি 
18৮ 1012 R-sq = 54.87 R-sq (adj) = 51. 34 


alysis of Variance 


ВСЕ DE 55 MS 
21-2551 СҮ і 1348.9 1308.9 
ar Z DE > 
ial 14 3486. 4 

TÍ > 


3) regress cl 1 са 


VWreoressian equation is 
Bree, — 12. 27 07 C4 


PO TEL or Coe f Stdev t-ratic 
start 91.669 5. 049 18. 16 
4 _@. 47166 п. 21868 - 3.84 
ШІСІ R-sq = 33.1% R-sq(adj}) = 49. 57% 


relysis of Variance 


01২05 DF SS MS 
৪1555 3 0177 1 1851.4 1851.4 
ni ПЕ 15252102 ВЕС 
cria ll 14 3486.4 


nsual Observations 
Dt C4 El Fit Stdev.Fit Residual St. Resid 
| E76 En UU 502. 40 7.25 и. EV М. 207 х 


notes an abs. whose X value gives it large influence. 


Tl) 





T) regress ci 1 co 


h repressicn equaticn 15 


1= 89.1 - 0.4i44 CS 

হা ЕСГ Cre f Stdev Lc 
astant 89.154 4.631 po. Wl 

с; —4. 4144308 a: 0033335 Zo. E7 

: 11. 48 R-sa = эй. Эх К-=а (абд 1) = 47.1% 
nilysis of Variance 

REE DF 55 1155 

15635553151 | 1774.6 1774. 6 

mar 15 11770011285 [77 

cda l 14 3486.4 


1 
^i3ual Observations 
DE i.c) 


= 


21 
шиг ie 


ru 


crates ar abs. 
11) 
TE) regress ci 1 се 


1255 1 Сї1 equation 


15 


48.41 


ріс bue го 
зэ 


Residual 


mu e 


Br 2.00291 Ce 

Ba сог Coef Stdev A 
5597৮ EIS 4.443 T3. 6K 

2 в. И: 1 21, 00012051215 DA 

iE R-sq = 48.5% R-s5s0 (adj3) = 44.6% 
пеубіс af Variance 

ЕЗ СЕ DF SS М5 

eressian i 15 126 DERI 

Pr E 1794.8 PSI 

atal 14 3466. 4 

ni;ual Observations 

Ds E 21 matoa Oev: Fit Residual 
а 13824 SI. vun 47.0 20 4. QU 
Әпебес ап obs. wnose X value gives it large 


TE) 


St. Resid 


MT 


whose X value gives it large influerce. 


St. Resid 


Шан 


jmt Juerce. 


X 


X 





Includes: 


Notes: 


OREGON PAVEMENTS 


2 - 3 INCHES OF AC 
ON 
6 - 8 INCHES OF BASE 


Regression Equations 

R-squared (Confidence associated with the regression model) 

t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 

s or SEE (Estimate error factor - lower values are better) 


cl represents the dependent variable PCI. 
c2 represents the independent variable AGE. 
C3, c4, c5 are AGE raised to 1.5, 2, 2.5 powers, respectively. 


Equations with c6 and c7 are raised to the 3 and 3.5 powers. 
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Includes: 


Notes: 


COMBINED PAVEMENTS 


2-3 INCHES OF AC 
ON 
6 - 8 INCHES OF BASE 


Regression Equations 

R-squared (Confidence associated with the regression model) 

t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 

s or SEE (Estimate error factor - lower values are better) 


Cl represents the dependent variable PCI. 

c2 represents the independent variable AGE. 

C3, c4, c5 are AGE raised to 1.5, 2, 2.5 powers, respectively. 
Equations with có and c7 are raised to the 3 and 3.5 powers. 
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0 NO 29. UR 74.85 4. BA -45. B5 E эВ 
E 1375 18. aa 64.68 এর —46. 68 —=. 418 
| cenates an obs. with a large st. resid. 
INTINUE? 





WASHINGTON PAVEMENTS 


2-3 INCHES OF AC 
ON 
GREATER THAN 8 INCHES OF BASE 


ЧАЧ МОТӘЙІНЕАУУ 


1% ur Яо 





WA 2-3 /» 8 


4) regress ci 1 ce 


e regression equation is 
` = 96.4 - 0.8525 СЕ 





‘egaet cr Coe f Stdev trratin 
wstarit 96.411 6.457 14. 93 
ши. ВЕС 2, 4684 -1.82 


ШІ. 8/ В-за = Ей. 3% В-д (аа1) = 14.2% 


p of Variance 


URCE DE SS MS 
[07555310171 1 466.5 466.95 
Е 1.5 а. = 142.8 
tal 14 2236.9 
TO Observations 
Ёс ЕЕ Fit Stdev.Fit Residual St. Resid 
21.0 8.40 78.51 INC —34. 51 ==. BER 
IE an abs. with a large st. resid. 


| > 


ҮН 2 regress cl 1 ce 


e regressicn equatian is 


Bue — 0.877 СЕ 

T Сее? Stdev t-ratic 
Cnstant 94. 596 6.148 b: 3 

| sA 87/79 a. 4347 md. 5 

s= 11,76 R-sq = £5. 3% R-sq(adj) = 18. 5% 


felysis af Variance 


=URCE DF SS MS 

IM e 1 তা ডিভি রা 

par 141 1522.4 138.4 

Ttal іс EOS. > 

1৬০০০ Observations 

5. Ес ЕТ Fit Stdev.Fit Residual St. Resid 
3 21.0 48. ай 221217 5.43 —=8. 17 -с.7аһ 


12. an obs. with a large st. resid. 





гв >) regress ci 1 сз 


пе regressian equatian is 
ГЕ EE — 0.1725 ES 


С ст Coef Stdev Pa 
instant 32. 318 Sane bo 17:59 
ক 12262 0.0290277 Е 
- ШІ. 79 R-sq = 24. 9% R-sq(adj) = 18.1% 
alysis of Variance 
Jug E DE 55 MS 
hgressicon 1 07.9 зай. = 
mor 11 1529. 4 12:20 
® ie EUIS 
Lusual Observatians 
bc? i C1 Pato Stdev: Fit Residual St. Resid 
E DE 48. aa ИНЕТ ever Sel = ёл 


| ат obs. with a large st. resid. 


BD 


B) regress ci 1 c4 


E regression equatian is 
তাত — 4.4258 са 


PEU Coef Stdev t-ratic 
nstant 31.483 4.7354 19.16 
C -41. 03579 a. 01885 -1,9Э0 
j- ШІ. 81 R-sq = 24.7% К-вса (ас1) = 17.8% 
I af Variance 
E URCE DE == MS 
Fgressiar 1 sus. 2 SAS. 2 
E rar 11 15954. = 159.5 
tal іс 57. т 
5 3 Observat icons 
5. C4 1 Fit Stdev.Fit Residual St. Resid 
3 441 428, 20 тэг с, 86 =2£7. 30 —c.C66R 


[denotes an cobs. with a large st. resid. 


"BS 
t 


| 





t ) regress cl 1 c3 


je regression equation its 








= 90.2 - 2. 00748 C3 
edictar Cae fF Stdev trato 
mstant 94.294 4.490 =й, 11 
(5 -й. ий 7485 2. 0105381 OE 
- 11.84 R-sq = 24.3% R-sq(adj) = 17.4% 
halysis of Variance 
+ DF 55 me 
Poressicr 1 495.3 4295. .3 
“гек 41 1542. 2 14. = 
ftal Lc CASE 
Шис а: Observations 
5. CD 21 Fit Stdev.Fit Residual St. Resid 
E 5012] 48. UN Tas 17 дэ? ЕР -2 GCR 
IM an obs. with a large st. resid. 
PH > 
le regression equatian 15 
В. Г = 0. 00157 CE 
Fedictar Coef бедем t-ratie 
Enstant ea. 715 4. 526 cu. 74 
] -й. 02015660 п. 00018474 d 8o 
Г 21.893 R-sq = 23.7% R-sq(adj) = 16. 8% 
Calysis cf Variance 
০7০5 DF ээ М5 
gressicn 482. 6 482.6 
Brar 1554.6 141.3 
tal = E Iu 
Lusual Observations 
I: СЕ p Fit Stdev.Fit  Residial St. Resid 
5 ৮1057 87.00 70.66 6. Z0 16. 34 pU EX 
3 Eee] 48. 00 22421 и. cuu == СЕВ 
denotes an cbs. with a large st. resid. 
Xdenctes an cbs. whose X value gives it large influence. 


ма» 





OREGON PAVEMENTS 


2-3 INCHES OF AC 
ON 
GREATER THAN 8 INCHES OF BASE 





1М3ЧАЧЯ ИООЯЯО 


БАНЭУ?Л 5-1 


В ИАЧТ ЯЯТАЗЯӘ 





CF £0 f7S& 


ТЕ) 92 1 
DD 902 5 
ТА) ето 


| SL ROWS READ 
БВ >) regress cl 1 ce 


e regression equation is 
= 98.1 - 1.47 СЕ 





EXC UC ca^ Сте? Stdev ес гате 
теат 938. 138 1.146 Ba еб 

3 -1.4741 MOS > ডি 

à m 71i R-sq = 85. 27 R-sqg (adj) = BU. X 
(2 alysis of Variance 

SUR ОР SS MS 

igressiecn T 594. 416 30.416 

Ez = 8.784 e.g 

tal + 219. 220 

ШЕ 


let c3=c2*#1.5 
regress c1 1 c3 


Е 
. equatian 15 
BU 5 — 0.59290 C3 

| 


эдісі ст" Caer Stdev t-ratic 
„start 97.476 puc ARES 

p mu. o3. a: 1785 =! 

2 

Е 2.0061 К-за = 76.5% R-sq(adı) = 71.3% 


| এ 2 
e af Variance 


AIRCE DF SIS 1155 
FE 1 46. 458 46. 458 
op 3 =. АЕ 4.247 
«al 4 39. FAB 





В › regress cl c4 


; ERROR * = IS TOO FEW ARGUMENTS 


+> regress ci 1 c4: 

пе regressicm equation 15 

BEEN. — 0.251 C4 

:edictor Coef 

"nstant 37.206 

1 Ec SUSE ua. 

Er Zus R-sq = 75.4% 

alysis cf Variance 

| 

-URCE DE Ss 

gression 1 44. 6512 

iron 3 14. 55 

Ital 4 3), 

| 

ИБ > 

ээ et co-ccox**-z.35 

13 ) reoress ci i cs 

255 51577 equaticn is 

71 _ 2.129 CS 

12720801007 Сеет 

„start IMS 

е -й.10943 2. 

8২ 55262 R-sq = 74. 17 

Halysis of Variance 

১0102 ОЕ SS 

Месе шт 1 43.846 

“Гог 2 15. 354 
2. SEDI 


К 


Stdev t-ratiz 
1. 2307 74. 33 
10255 -2.42 
К-ъа(а91) = G7. 2* 

1155 

44, 6512 

4.85 
Stdev t-ratic 


23739 -=. 93 


R-sq(adj? - ES. 4% 


MES 
43.846 
enc I5 





COMBINED PAVEMENTS 


2 - 3 INCHES OF AC 
ON 
GREATER THAN 8 INCHES OF BASE 





ДМЛУАЯ АЗУИНМОО 


4) regress cl 1 cÈ 

2 renressicon eguaticn 15 

ИЕ. 1 - а. аза се 

303. 0৮ 017 Coef Stdev 

start 96.144 але 

-4. 8384 Q. 3423 

un. 37 R=sq = ¿6.1% 

В 515 of Variance 

ШЕСЕ DF So 

qressiar 1 e.c 

Mor i7 ШО ш. 1 

ial Le EFE 

usual Observations 

i. Be Ei 

3 Eu 48. 2 Toes. 

jJenates an abs. with a large st. 

m» 

M2 regress ci 1 c3 

b regression equation is 

Ш. - — 12. 174 CS 

| эй Cuef Stdev 

x start 94. 5045 ডিন 

ч —@. 17454 д. Пс 
BA, S R-sq = c6.7*. 

irlysis af Variance 

IC RCE DF 55 

'€ressicr 1 Ge ieee 

or 17 184.8 

Cal 18 2482.6 


J sual Observatians 
13. C3 
1 3€ 


?  emeotes anm obs. 


В 


Exil 
48. ва 


ct 
| 

“y 
J 


рїш сүа ат) 


647.35 
142771) 


Fit Stdèv: Fit 


4.4 


resid. 


I fü 
ГІ Ги Ww 


Be 
a 


[п ni 


= £1. 7% 


Residual 


=a: гэ 
ee! e Ju) 


t-ratic 
26. EN 


2. 49 


= > 


R=sq lad 1) 


MS 
SOS 
12212241 


Базе сеу: 21 


12752 


with a large st. 


4. 69 


resid. 


авнаа Vg = г 
— cc. ¿A 


Residual 


zes] 


LOHR NED 


St. Resid 
-3. 24А 


St. Res1d 
ZUR 


= 


w= ә 


2-2 72 





е regressicn equaticn 15 


E. -— 0.035735 C4 

JOEL Or Coef Stdev tratio 
nstarnt 95725 датаг =8. 46 
қ mu uU. 752 п. (1484 c GST 
1-98. 22 R-sq = 27.17 R-sq (adj) = Ex. 84 
lalysis of Variance 
URCE DF 55 MS 
? 05515 2017 1 ЕЕЕ ers 
гог I7 1809. 5 106.4 
tal 18 482.6 


jasual Observat icrs 


C4 
529 


441 


lis. 


7 
2 


(jencetes an 
denotes arı 
Е У 


cbs. 


эр. 


(ЕДІ Pit Obtdevrlt 
87,020 73.54 6.47 
48, Ua 70 02 4. 89 

with a large st. resid. 


whese X value gives it large 


Residual St. Resid 
13.46 1.61 X 
-28. 85 -3.17R 


influence. 


bL regression equaticrn is 
гс - 4.840802 CS 

dictar Coef Stdev гс 
start DE. EVE 3: 087 за. un 
N -—à.unaagu24 easily = E eH 
IF M. 30 R-sq = 27.47 R=sq lad1) = 23.1% 
inlysis af Variance 
ВСЕ ОЕ SS MS 

€ressiaen 1 EIA 679.4 
am 1 803.6 106.1 
Cal 18 24823. 6 

I sual Observat icms 

i. ES Ed Fit Stdev.Fit Residual St. Resid 
| 57 87. aa হি cy = RI 14.75 1.85 X 
1 cul 48. 0 EIS I aE Ее 29 ЕК 
| ernotes ar cbs. with a large st. resid. 

| emnüotes ar obs. whose X value gives it large influence. 


ЛЕР 





2 regression equation is 
=9-.1 — 0.00172 СБ 


XE t or Coef Stdev tratio 
start Эг: 227 ভা 212027 
| -0. 0017187 a. WUE BAS চি 
4- 12. 50 R-sq = 27. 3% R-sq(adj) = ES. UN 


alysis of Variance 


URCE DF So MS 
(11655 31017 1 677.4 677. 4 
por 17 NER, ae, 
cal 18 482.6 


msual Observatians 


Е... BE Ci Fit Stdev: Fit Residual St. Resid 
! Ш=1&7 87.04 Tor egt 1-. 91 =. W7RX 
3) 9761 48.200 76. 16 লো -26. 18 ECTS 


leneotes ar bs. with a large st. resid. 
lenates an obs. whose X value gives it large influence. 
N ও 





ЕҮЙІ гепгесес с1 1 сс 


э regression equaticn 15 
ВА. > — 0.98561 Ce 


22675561017 Coef Stdev гаты 
5$ а" Ee dlc 4. 058 25. 64 
| Un JENE ИЕ ЗЕЕ. ==. OG 
2 9.947 R-sq = 325.2% R-sq (adj) = SU. 9% 


alysis af Variance 


|JRCE DE SiS MS 
11155 51277 1 BL7. 27S ВУ Эх 
ror = 1484. 17 238. 94 
cal 16 pu ui 


nısual Observaticns 
E. Corn tT Fit Stdev.Fit Residual 
5 21.4 48, UN 75.74 4.54 - 7. 7% 


 Jenetes an abs. with a large st. resid. 


#7 


|!) regress cl 1 c3 


b regression equation 15 
НЕ - 0.195 CS 


dict or Coef Stdev t-ratio 


start 393.640 5 26. 64 
4 0. 15295 2. 26927 -&. 78 
: 10.04 R-sq = 34. 0% R-sq(adj) = 29. 6% 


lysis of Variance 


CIRCE DF == 115 
'€ ressicn 1 780. 0 арг 
тог = pou 1 1020.8 
Cal 16 ==Э=. 1 


J sual Observations 
Jb. ভিত ei] Fit Stdev.Fit Residual 
1 36 48. Yu e 4.80 ==7. 47 


MWsmetes an abs. with a large st. resid. 


) 


St. Resid 


К 


St. Resid 
-3.078НВ 


сФрНерынео 2-5 /». 
৬//০ 41165 





Beregressicn egat 
= Эс. 4 a а. 4.5399 E 
dictar Coef 
‚start Эг. +02 


| -й. 23990 
10.14 R-sq 


„lysis of Variance 


АСЕ DE 
2 15355 20171 1 
й СҮГ" 1 c 
ral ШЕ 


‘sual Observaticns 


E, C4 
E 87. 
1 441 48, 


erates ar abs. wi 


icri 15 
4 
Stdev trratic 
DE 28.28 
ZW. 21476 -2.7wu 
= 32.77 К-ѕа (асу) = 28. 3% 


Ss 115 
TENTAR TE 
1341-3 тм. © 
шээг! 
E Fit Stdev.Fit 
па TU Berl, 
2121 74.81 J. al 


th a large st. resid. 


Residual St. Resid 
Jas (A পুর A 
_=6. 81 ০040 


enctes an obs. whose X value gives it large influence. 


Е › 


h regression equat 
l= 91.6 - 4.40854 
Ncrctornr Coef 
cstant EE 
g шїї: ЛІЛЕ52 
в 8.2: R=sq 


nlysis of Variance 


ORCE DF 
67635 5 21717 1 
Dr ) 
cas | 16 


usual Observations 


b, C5 
2537 87. 
1 cuci 48. 


Remotes ar abs. wi 


icr 15 
ES 
Stdev t-ratıc 
Ga), Sie шээг 
21,003] 765 --. 63 
= 51,57 R-sq ladj) = £6. 9% 
SS 115 
721.8 721.8 
19701253 104.7 
cede. 1 
E Fit Stdev.Fit Residual St. Resid 
0121 70.47 6. 6= 16. 53 c. icRX 
(101 И. ТУ 5. 14 =2b6. 77 m ZR 


th a large st. resid. 


nates ari cbs. whose X value gives it large influence. 


) 





WASHINGTON PAVEMENTS 


GREATER THAN 3 INCHES OF AC 
ON 
ANY BASE 


\ v " 


AOTOVIRGAW 


AHT ЯЛГАЛЯО 





WA (> АСАН BK 


22781 18 
fae 6S zi 
unm» end 


7 ROWS READ 
4) regress ci 1 cc 


|l regressicr) equaticr is 
EE - 1.37 Ce 


1301 00517 Coef Stdev t-ratic 
(iSt ant 121.87 3. 22S 31. 43 
4 1.2753 2.2 080 -6. 61 
: 2%. 486 R=sa = 89. 77% R=sqlada1) = 87. 7% 
nlysis cf Variance 

CIRCE DF SS MS 
eressicr 1 ৮0. 1 1 eios loc Tut 

ran J 64. 75 jos PES 

cal E 3734. 86 

Y > 

T)» let c2-2c£**1.5 

T ) regress ci 1 c3 

h regressicn equaticn is 

EB — 2.2029 CS 

rdictar Coef Stdev t-ratic 
cstant 39. вай 2.618€ за. гй 
д —й. 30895 й. 457 -7.65 
3.449 R-sq = 92.1% R-sa(adj) = 930.67 
lysis of Variance 

SC RCE DF ES Ms 
'eressiaen 1 544. 33 544.39 

ac to e 46.47 9.29 

cal & 534. 86 





IE) let c4=ce**e 
qu) regress cl 1 c4 


ә regression equation is 
= 97.9 – ü. Q668 C4 


ioe get cr Сее? Stdev borat ic 
start 97. 202 S. 6203 37.24 

| za. 266815 д. 203612 Ee 

ІНЕ 529 R-sq = 90.6% R-sq(adj) = 88. 7% 
alysis af Variance 

LJRCE DE SS MS 

 Jressicr 1 339. 49 eje. 6 c 

“мар E 55.41 ] 1. 08 

wal 6 os 86 

13 › 

ЕЕ) ес сї-ссХх6с.5 

13) regress cl 1 cS 

|l» repressicrn equation is 

И = 4.2142 CS 

dictar Cuef Stdev бега 
хабат 96. 04- cu 5.5. 94 

4 Ba. W1i4191 2.0024 =o. Oo 
"876 R-sq = 87. 3% R-sqg(adj) = 84. 7% 


mlysis af Variance 


X IRCE DF 59 
te ressiar 1 c SM 
reg E 73.10 
cal 5 a20. 86 


Mis > 





TA) Эй г 
ra» 86 6 
та) ета 


5 ROWS READ 
ІҢ ) regress сі 1 ce 


ə regression equation 1s 
I7 — 5.051 СЕ 


dictar (71257 Stdev 
start 92.676 21820 
| =e Mol = e. 2247 
feo. O61 R-sq = č.17 = 


alysis of Variance 


(КСЕ DF Ss 
qressicn 1 ics d 
yor 3 12227275 
cal 4 1126০ 124 
I 5 


[1 


Gt c3-cox*1.t 
= 2 


regress cl 1 cu 


E regress lr equat icn 1s 
1 = 5 = и. ийа СЗ 


y dicter rer Stdev 
mstant 92.299 3.341 
টু -2. 0004523 й. 3551 
> §. 928 R-sq = й. 3% R- 


Wiysis of Variance 


С RCE DF SS 
'ressioar 1 a. 57 
ner 3 125. 43 
cal 4 126. aa 


їй › 


t-ratic 
Z4. 83 
- 4, 26 


salad) = 2. 0% 


MiS 


г.) 

B fn 
сп fe 
{р Г 


t-ratic 
26. U7 
—M. 12 


во (аст) = U. 0% 


OK 729 AC ANY DAM 





OREGON PAVEMENTS 


GREATER THAN 3 INCHES OF AC 
ON 
ANY BASE 





к ££ PAL 


м/о the 


TA) эй 

A) 86 

TA) end 
3 ROWS READ 

в › regress cl 1 ce 


qu ru 


э regnressiorn equation is 
EE 7 — 2.14 C2 


adictur Coef Stdev tratio 
"start 37.714 3.614 = 7. 014 
| coe A. 3837 Zee 7 
27076 R-sq = 82.4% R-sq(adj)) = 64. 8% 


falysis af Variance 


ШЕСЕ DF == М5 
qressicr 1 SUE Jarl 
үзэг 1 а а= 
ба 2 104. 00 


02-15 с3-с23541,5 


lt) let с5=се**1. 5 
|!) regress ci 1 сз 
Ft pegressicn equation is 
ИЕ. > — И. 772 C3 


s 
7 


Те = ија Сое? Stdev t-ratia 
“start 396. 547 4. 4505 G1. 31 
> -2.7716 2, 54297 -1.51 
9 TM R-sq = 65.6% Resa Gad)) = 39. 2% 


irlysis af Variance 


SC RCE BE == MS 
eressicr 1 72. 4 7a. 42 
“гэг 1 сагай 31. 61 
Pca] 2 104. 2901 





Fit Stdev.Fit 


ін ) regress ci 1 c^ 
e regression equatian 15 

= 95.8 - 4. 268 C4 
1-0! СС ОТ Coef Stdev 
nstant =. ОБ 4. 714 
| -2.Е877 Й. 22:54 
= 6.29 В-ѕ=а = 62. 0и 
alysis of Variance 
(МЕСЕ DF SS 
gression 1 64.44 
Әу 1 32). 06 
“tal = 104. UN 
Jusual Observations 
) 5. C4 21 

2 56.0 86. un 83. 48 


denotes an cbs. 

MD 

13 ) regress cl ics 

2 regressicn equatian is 
Б —- 0.111 СЗ 
"sdictoer Coef 
‚start 33.469 

X —й. 11039 

Ж 6.58 ecu — 57. 
alysis of Variance 

90170 DF 

(17655531211 1 m3 
сг 1 44. 
са = 104. 


Jisual Observations 
11. ES 
) 88.2 


Ci 
BE. LHL 
( lenotes an obs. 


Ms > 


В- 


t-ratic 
ei. 33 
-1. 28 


ѕа (ад) о» ЭУ 


MS 
64.44 


Soe ots 


E 7 


whose X value gives it large influence. 


St dev реа 
4.8052 13:505 
2.09510 20120172 
G7 R=sqlad3) = 15. 3% 
55 MS 
35 > 
27 44, 27 
ga 


Ыс ade vy. Pt 


БЭ G3 


whose X value gives 


Без 


it large 


Residual St. Resid 


и. Sic 


Residual St. Resid 


us 


influence. 





COMBINED PAVEMENTS 


GREATER THAN 3 INCHES OF AC 
ON 
ANY BASE 





cum ades 
WZNAIV ля CWTINOOS 


Г ж ғ a TT 
И "АНТ ЧЯТАЗЫО 
5 5. 5.5. 4 


ГЕЙ ӘЗ 27 
ГЕЙ 91 21 
ira» end 
11 ROWS RERD 
і >» regress cil 1 ce 


la regression equation is 
EE 9 - 7.5125 Сс 


১03 0৮277 Ccef Stdev A 
start aay gos) ИЕ е 17.560 
: о 2.2846 “12010 
ЕН 216 R-sq = 11.93% R=sq lad12> = &.1% 


rlysis of Variance 


CIRCE DF Зэ MS 
ггесбіст 1 36.24 36.24 
rar 3 715. 4% 79. 49 
cal 10 811.64 

Y > 


EX et ci-co**1.25 
T ) regress ci 1 c3 


п regressico eduation 15 
Ww — 0. 0340 CS 


rdictar Ссет Stdev ভি ratıc 

cistant 87.316 4.6335 18. 56 

2 10171205461 2.452802 =й. БЕ 
2252 R-sa = 4. 3% R-scladı) = Wi. Ur 


niysıs ОТ Variance 


MO RCE ІШЕ = Үйлс 
*ressinar 1 eer c) 34.5 
oon E V EN Sens 
cal 12 511704 


০৮০৩8৮18১4০ 


৫০/৮৮/7৯১7 А 





NH c4-cuI-*c 


> 
ІШ гепгесс ci 1 C4 


» perressiüur ecuatıcn 


2255 


= 66.1 - й. митр Са 

өйісібсе Coet a tratio 

start ВЕ. и. 4. J64 cm, 16 

A Lo de MISS Sr SU Y 
EL! (Sa = й. 87 R-scladı) = A. 07 

м 2 - сі Variance 

¡A D- 55 MIS: 

SS Leys 1 ভিত: 2. 72 

іст 3 844. 92 89. 44 

jad 12 811.64 

! > 


ШгГептесс сі 1 СЭ 


n repression equation is 

ио. + 0.000220 CS 

| аб ед иж Coef Stdev telat ir 

ат ia 17 7 rede 21-11 

С) (21০ 10212121223 MW. W217 9S 2, аа 
9.496 R-sq = 4.04% R-sqtadj) = 0. 0% 

nlysıs af Variance 

ENDE DF == MS 

P-essicn T 2, 12 2, 002. 

Pan 2 811.64 90.18 

cal 112 811.64 


Nsual Observations 


1 37105 55 ar 


cbs. 


21 
31. 44 


Бае Баву тү 
85. 19 7.44 


Residual 
c. 81 


whose X value gives it large 


St. Resid 


influence. 





| 
COMMER 7 > AL/ARY PAS 
৮1/০৮ 40৮ 


ГЕ, 91 1 
ГЕ, ВЗ 5 
ifa? end 


9 ROWS READ 
4) repress cl 1 ce 


la regression equation 15 
ECTS — 1.10 Cz 


1050 01 Cre ft Stdev t-ratio 

„start 96.519 2.438 58.64 

{ —1.1017 au. 18914 —&. A7 
e7982 R-sq = 84. 0% R-sq (adj) = 81.8% 


nlysis of Variance 


URCE DF 55 MS 
gressican 1 84.98 284. эВ 
Mor 7 11105 15: 86 
cal 8 696. UA 

DE 


EM wwwlet c2-cc**1. 
i> regress ci 1 c3 


F regressicn equation is 
92.1 - 0.244 ES 


2৮030272111" Coe ft Stdev porset 1e 
start 95. 02° шоо 43. 38 
নত —4. 24407 UA s c) =. oo 
11 57831 R-50 = 653.5% R-sq (adj) = 83.1% 


r lysis of Variance 


С ВСЕ DF SS 115 
'eressicn 1 293.77 5393. 27 
Mor 7 las. 73 14. 68 
cal 8 696. au 





ҮІ 15 


Bo) 1еф с4=сЕ**Е 

4) regress cl 1 C4. 
Ге regressicr equaticı 
$ = 94.0 - й. 0544 Са 
geen ct cr Ccaef 
stant 93.995 

> -0. 054443 


Jalysis of Variance 


3URCE DF 

২0555 31517 1 

rar 2 

tal 8 

MH ) 

12) regress cl 1 со 
la regression equatic 
ИН = М. 121 С 
Jisdicter Coef 
„start 93:139 

E) -д0.01:085 
eo. 318 R-sa = 


Aalysis af Variance 


SURCE DF 
13155 5 31177 1 
rar 7 
Теза] 8 


Jusual Observat icors 


IE. в = Е | 
| 2 тай. ай 
erates ar abs. with 


м3) 


Stdev t-ratic 
p UI 45.74 
б. 208515 -6. 39 
85.4% R-sq (adı) = 853. 3% 
55 MS 
594.24 594. =4 
A127 76 14. 54 
696. we 
үз 1% 
5৮05 t-ratic 
ИТ 46. 31 
йл. 0019352 _6. 19 
84.6% R-sqladj) = BE. 4% 
SS MS 
588. 56, a98. 76 
1207.44 Ша аг 
676. UU 
Fit Stdev.Fit Residual St. Resid 
95.14 ӘЗІЛІ 6.86 c. VAR 
a large st. resid. 





Includes: 


Notes: 


WORLD WAR TWO 
PAVEMENTS 


Regression Equations 

R-squared (Confidence associated with the regression model) 

t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 

s or SEE (Estimate error factor - lower values are better) 
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R-squared (Confidence associated with the regression model) 

t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 
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R-squared (Confidence associated with the regression model) 
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Equations with c6 and c7 are raised to the 3 and 3.5 powers. 
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OREGON 


BITUMINOUS SURFACE TREATMENT 
PAVEMENTS 


Includes: Regression Equations 
R-squared (Confidence associated with the regression model) 
t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 
s or SEE (Estimate error factor - lower values are better) 


Notes: cl represents the dependent variable PCI. 
c2 represents the independent variable AGE. 
сЗ, c4, c5 are AGE raised to 1.5, 2, 2.5 powers, respectively. 
Equations with c6 and c7 are raised to the 3 and 3.5 powers. 
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WASHINGTON 


SLURRY SEAL 
PAVEMENTS 


Includes: Regression Equations 
R-squared (Confidence associated with the regression model) 
t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 
s or SEE (Estimate error factor - lower values are better) 


Notes: cl represents the dependent variable PCI. 
c2 represents the independent variable AGE. 
C2, c4, c5 are AGE raised to 1.5, 2, 2.5 powers, respectively. 


Equations with c6 and c7 are raised to the 3 and 3.5 powers. 
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Includes: 


Notes: 


OREGON 


SLURRY SEAL 
PAVEMENTS 


Regression Equations 

R-squared (Confidence associated with the regression model) 

t-ratio (Predictability of the dependent variable from the independent variable) 
(Higher values better - typically > 4) 


s or SEE (Estimate error factor - lower values are better) 


cl represents the dependent variable PCI. 

c2 represents the independent variable AGE. 

C3, c4, c5 are AGE raised to 1.5, 2, 2.5 powers, respectively. 
Equations with c6 and c7 are raised to the 3 and 3.5 powers. 
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